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JOB PERFORMANCE REPORT

State of: Idaho Nane: Status and Anal ysis of
Sal noni d Fi sheries

Project No.: F-73-R-13 Title: Kokanee Popul ati on Dynam cs
Subproject No.: Il Job 1. Costs, Benefits, and R sks

of Salnonid Predators in
Study No.: I Kokanee Waters

Peri od Covered: March 1, 1990 to March 31, 1991

ABSTRACT

W used avail able data and age-structured popul ati on and bi oenergetic
nodel s to evaluate the relative costs, benefits, and risks of using sal nonid
predators w th kokanee. About 50% of fall kokanee biomass coul d be avail able
as production for predators. The actual proportion will vary with growh and
nortality in the kokanee popul ation. Existing estimates of kokanee bi omass
ranged nearly an order of magnitude and were strongly correl ated with indexes
of lake or reservoir productivity. Kokanee production will range by an order
of magnitude or nore in Idaho |akes. Estimates of total prey consunption and
yield to consunption ratios were simlar for lake trout and chi nook sal non. The
distribution of consunption over the life of a cohort, the consunption of
kokanee, and the expected yield at realistic exploitation rates differed
substantially between |ake trout and chinook. Chinook should produce the best
yields in | akes where kokanee are the domnant or only forage. Lake trout should
provide the best yields where a diversity of forage is available. Lake trout
represent a greater risk of collapsing a kokanee popul ati on. Conversion of
kokanee production to predator yield is relatively inefficient (about 10%.
The channel i ng of kokanee production through an additional trophic level is high
risk in unproductive |akes unless the kokanee fishery is of little val ue.
Stocking rates for lake trout and chi nook should be less than 7 fish/hectare.
Past stocking rates in lIdaho have been much hi gher and nay explain the coll apse
of some kokanee popul ations and the failure of sone predator introductions. Qur
results and methods can be used to eval uate predator nanagenent alternatives in
| daho kokanee waters.

Aut hor s:

Bruce E. Ri eman
Princi pal Fishery Research Biol ogi st

Deborah L. Myers
Seni or Fi shery Techni ci an
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I NTRCDUCT! ON

Kokanee provide an ideal forage for piscivorous salnonids. Kokanee are
typically abundant in open water, often in large schools. In a normal kokanee
popul ation, the presence of several ages results in a progression in forage size
from about 50 mm to 250 mm or larger. Mst piscivorous salnonids can use an
abundant fish forage throughout their lives. Salnonids such as lake trout, bull
trout, rainbow trout, and chinook salnon prey heavily on kokanee. Predator
growth rates are often very high, and world record class fish are not unconmon.
As a result, kokanee waters have produced sone of the npbst inportant trophy
fisheries in Idaho and the nort hwest.

There are inportant trade-offs and risks with the use of any predators.
The transfer of energy from one trophic level to the next neans that a
substantial cost in |ost kokanee production nust be paid for any new production
of predators. The range in productivity of Idaho waters also wll have an
i mportant influence on potential production and yield. An unproductive | ake
cannot produce the sanme yields and, presumably, cannot support the same nunbers
of predators as a nore productive water. Attenpting to create a predator fishery
in an unproductive |ake based on experiences in nore productive systems may
result in unrealistic expectations or inappropriate risks. Predatory sal nonids
have been associated with changes in the structure of forage fish communities
(Stewart et al. 1983; Aadland 1987) and nmay result in the collapse of sone
popul ations (Stewart et al. 1983; Ney and Oth 1986; Stewart and lbarra in press;
Aadl and 1987), including kokanee (Bow es et al. 1991; Beattie et al. 1990).

There may al so be inportant differences anong the predators used in kokanee
waters. Maximum sizes are simlar (>10 kg), but specific growmh rates,
Il ongevity, prey and habitat selection, and other characteristics may not be.

Stewart (1980) showed that prey consunption over life differed dramatically
bet ween cohorts of lake trout and chinook sal non. Sustainable yields and harvest
rates will also differ substantially between short- and long-lived species

(Francis 1986). Lake trout and bull trout may exploit benthic forage as well as
kokanee, while chinook or rainbow may be restricted alnost entirely to kokanee.
It should not be assuned that one predator represents the sanme trade-offs or
risks as another, or that one will do as well as another.

Fi sheries managenent wll influence predation. Because trophy fisheries
are popular and highly visible, lIdaho has tried to establish large salnonids in
nost kokanee waters. Predators have also been used to control over-abundant
kokanee. |In some cases, the introductions have produced the desired results. In
other cases, predators have perfornmed poorly or have been associated with the
col l apse of the kokanee popul ation. Predator popul ations are necessarily low in
nunbers, and despite the availability of very large fish, catch rates are often
relatively poor. Heavy or increasing exploitation may also result in declines in
success rates and size of fish. The inposition of special regulations mght
enhance existing trophy fisheries, as would supplenentation wth hatchery
stocks. Rieman and Beanesderfer (1990) showed that relatively mnor changes in
annual exploitation (0% to 20% of a predator population could produce a 50%
reduction in prey consunption.
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Managenent of predator and forage popul ati ons has been inconsistent and
often with little quantitative or ecol ogical basis (Ney and Oth 1986; Ney 1990).
In Idaho, stocking rates for predatory sal nonids in kokanee | akes have ranged
fully two orders of magnitude (<1 to >600 fish/hectare. Supplenentation of
predators with hatchery stocks has occurred sinultaneously with new restrictions
in harvest. Predators have been stocked when kokanee popul ati ons were already
unstabl e or depressed and in concert or conpetition with other attenpts to
control or harvest kokanee production. The selection of a particular predator
species often is based on tradition or |ocal preference rather than an
anticipated difference in performance or inportant characteristics. Over-
stocking of predators may explain the collapse of some kokanee popul ations and
the failure of some introductions in Idaho. Lack of concise usable infornation
on kokanee producti on and predator forage demands neans nanagenent deci sions
regardi ng predator stocking are nerely guess work.

The purpose of this project was to describe the relative costs, benefits,
the risks of, and recommendations for, the use of predators in |daho kokanee
wat ers. Qur objectives were:

1. to estimate the potential kokanee production available to predators in
| daho waters;

2. to estimate the range of consunption of kokanee expected by different
predators with varied growh and life history characteristics;

3. to estinate the yield of predators (benefit) relative to kokanee producti on
consumed (cost) expected for different predators with varied growh and
life history characteristics; and

4. to recomrend appropriate stocking rates and estinate potential yields for
different predators in |daho kokanee waters.

Qur approach was two-fold. First we estimated potential kokanee production
based on enpirical relations of standing stock and | ake productivity. W used
age-structured popul ation nodels to simul ate kokanee production relative to
standi ng stock under varied growmh and nortality. W assumed that nost
production lost to nortality in a stable population could be channeled to
predators (Eck and Brown 1985; Ney 1990; Coulter 1981) and, thus, estinated the
proportion of kokanee biomass potentially avail able as forage.

Second we estinated consunption of kokanee and yields for predators with
a simlar age-structured nodel. VW used a production-based approach (Ney 1990;
R eman and Beanesderfer 1990) where sinul ated production was wei ghted by expected
conversion efficiencies to estimate consunption. The nodel allowed us to
simulate total and specific prey consunption and yield to a fishery under varied
conditions of growth, longevity, exploitation, nortality, and prey selection

By conparing the results of the two nodels, we were able to approxi nate
both the nunbers of predators necessary to consume potential kokanee production
(and thus appropriate stocking rates) and the yields that could result.
Di fferences anong the variety of sinmulations illustrate the dynam cs of
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predation, the possible influences of managenent, and the differences expected
anong predators.

Lake trout, rainbow trout, bull trout, Atlantic sal non, and chi nook sal mon
have all been introduced in kokanee waters. V& did not have time for work with
all five species. Qur approach relied on estinates of bioenergetic paraneters
that are very simlar or identical for nmost salnonids. As a result, the najor
differences in simlations of prey consunption anong predator species wll result
fromdifferences in life history characteristics and prey selection (D Stewart,
State University of New York, personal communication). For that reason, we chose
to examine only |ake trout and chinook salnobn as the two species with the
greatest differences in those characteristics. W assuned that results of
simlar analyses for the other species would be intermediate to those for |ake
trout and chi nook.

METHODS

Pot enti al Kokanee Producti on

Estinates of standing crop or mean annual production in a prey popul ation
represent relative measures of forage available to predators. The estinmates are
useful to conpare forage availability anong | akes, but not necessarily the
absol ute forage production that can be used by predators (Ney 1990). The
proportion of forage production that can be channeled to the next trophic |evel
wi Il depend on other sources of nortality and on production necessary for
nmai nt enance of the forage population. Sone conponents of nortality are
conpensatory. Mrtality will decline if predation increases. Predation may be
the cause of nost nortality once fish enter the |ake (Leach et al. 1987). Mich,
if not nmost, of the production not needed for mai ntenance may be channel ed eit her
to predators or fishernmen (Coulter 1981; Eck and Brown 1985).

VW assuned all production lost to annual nortality after emergence could
be channeled to predators. Predators cannot be so efficient that they take
every dying fish, but such an assunption provides an upper lint of available
producti on (Ney 1990).

Pr oducti on Model

W used an equilibriumyield nodel (Ricker 1975) to estimate forage
production equivalent to estinates of yield to fishing. W replaced fishing
nortality with predator nortality and calculated "yield to predators. ¢ surmmed
results over all cohorts and tine periods to estimate a ratio of production
(potentially available to predators) to fall kokanee bionass (PP:B). VW& could
then use the PP.B ratio to approximate the production potentially available to
predators from enpirical or predicted estimtes of kokanee biomass in |daho
| akes.
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In the nodel, we allowed total nortality (sumed over all tine periods and
cohorts fromegg to adult) only equal to that necessary to maintain the
popul ation in equilibrium W calculated total nortality at equilibriumto
produce repl acenent for one spawning pair given the fecundity of an average size
female. W assumed a sex ratio of 1:1. For exanple, the fecundity of an average
femal e might be 400 eggs. Total survival necessary for replacenent is 2/400 =
0.005 or an instantaneous nortality rate of 5.30. In the nodel, the total of
5.30 was divided anong all periods and cohorts.

To reduce bias in production estinates frominterpolation across intervals
(R cker 1975), we used tine periods of one-quarter of a year. V¢ assumed growth
occurred only during a 6-nmonth period. About one-third of annual growth occurred
inthe third quarter and two-thirds in the last quarter (Bow er 1980). Mrtality
to predation took place throughout the year. W summarized bionmass at the end
of the growing period (fall) equivalent to our time of popul ation sanpling
(Ri eman and Myers 1990a).

V¢ used a series of simulations where growth and the distribution and forns
of nortality were varied to explore the possible range of PP.B ratios. W used
a base simulation where growth and nortality represented our best guess of a
typi cal population. W then varied individual paraneters to describe the
uncertainty related to our assunptions.

Mrtality-For the base simulation, we assunmed survival from potential egg
deposition to energence of 0.40. Survival of 0.40 is representative of val ues
observed in spawni ng channels (Harvey Andrusak, British Colunbia Fish and
Wldlife Branch, Victoria, British Colunbia) and experinents with noderate to
| ow sedinment in the incubation environnent (lrving and Bjornn 1984) and,
presumabl y, very good conditions in the wild. Production during incubation was
not available to predators. In alternative sinulations, we assumed incubation
survivals of 0.10 and 0.80 (Appendix A). V¢ considered the range representative
of degraded conditions in the wild and a hatchery-supported popul ation,
respectively.

V¢ assumed nortality fromemergence to fall age 0 of 90% The nortality
during this period was selected to provide a survival of 0.04 frompotential egg
deposition to fall age O in our base simulation. Four percent represents the
upper range of estimates for our wild popul ati ons.

For the base sinulation, remaining nortality was apportioned equal |y anong
remaining tine periods in the nodel. V¢ have sone evidence that predators sel ect
kokanee 150 mmto 200 mmlong nore heavily than larger or smaller fish. As an
alternative similation, we focused nost nortality on age classes representing
that size range. Fishing is also inportant in nany popul ations. Another
alternative allocated nortality to fishing equivalent to an annual exploitation
rate of 0.30 on mature fish. Mrtality to fishing represented production not
available to predators. The nortality schedul es used in our range of simulations
is summarized in Appendix A
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Qowh and Age at Maturity-For the base simulation, we used annual growh
equal to that in lakes of internediate productivity and kokanee density (R eman
and Myers 1990a). As alternatives, we used a higher growth rate (representative
of low densities in the sane | ake or noderate densities in an unproductive | ake)
and a lower growth rate (representative of very high densities or an unproductive
| ake) as outlined in Appendi x B.

VW assuned that kokanee nmatured at age 3+ in sinulations using base and
high growth. Age at maturity varies both anong and within popul ations. Age 3+
is common anong nost popul ati ons and the dominant age of maturity in popul ations
with good growth. As growh slows, age at maturity nay increase. Qder fish
are common in unproductive lakes. In simulations with the low growth rate, we
added a final year to the simulation with fish maturing at age 4+. Age at
maturity of 4+ resulted in an adult size of about 210 mm This is near the
m ni mum si ze observed in our popul ations (R eman and Mers 1990a).

Ve predicted fecundity froma relationship with total length of femnales
from several |daho popul ati ons.

Enpiri cal and Predicted Bi onass

V¢ used estimates of kokanee biomass in ten Idaho | akes and one O egon |ake
as the basis for production estimates. Bionass estinates were made with a md-
water trawl as outlined by Reman and Myers (1990a). W rel ated biomass to
indices of |ake productivity with correlation and regression analysis. V¢ used
original estimates and log transformati ons of both variables. W report only
the "best fit" results. The indices of |ake productivity are the same as those
sumarized in R eman and Myers (1990a) and Myers and R eman (1990), with the
exception of data for Daorshak Reservoir which was updated with sanmpling in
1990.

Sone of the kokanee popul ations represented in the data base were obviously
depressed. To predict potential kokanee production, we analyzed the data with
all observations and w thout the depressed popul ations. W considered a
popul ation depressed if recent estimates or information on spawni ng escapenent
showed that the popul ation was at 25%or |ess of historic abundance.

Predat or Consunption and VYield

Pr edat or Model

V¢ used a production-based approach to sinulate consunption (Ney 1990).
W used an age-structured equilibriumyield nodel (Ricker 1975) to predict
consunption and yield (to fishing) for chinook salnon and |ake trout. V¢ nade
predi ctions under varied conditions of growh and exploitation. W estimated
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total prey consunption as the product of production (total tissue elaboration
regardl ess of fate) and gross conversion efficiency for each age class and
interval in the nodel (see, for exanple, R enman and Beanesderfer 1990). Yield
was estimated directly as outlined by R cker (1975). Paraneters for the nodel
were estimated from observations in North Idaho |akes or fromthe literature.
V¢ assuned that natural nortality acted concurrently wth any expl oi tation.

W used tine intervals in the nodel relative to the life span and growth
of the species. To reduce bias in production estinates over intervals of fast
growth and high nortality, we used shorter time intervals for chinook than for
| ake trout. For chinook, we assurmed that all fish matured and died after four
years. W used one-quarter-year intervals in the nmodel for a total of 12
intervals. For |ake trout, we assunmed that no fish |lived past age 15 and used
one-year intervals in the nodel for a total of 15. Wth the intervals that we
selected, estinmates of production and consunption were within 10% of our
estinates fromthe bioenergetics nodel of Hewitt and Johnson (1987) where daily
time steps were used. Lake trout may live longer than 15 years (Scott and
Crossnman 1973). Fish at that age, however, contributed little to total
consunption, yield, or stock biomass in any simulations except for those with
no exploitation. Consideration of longer living fish would have little or no
influence on the results of our sinulations.

Recruitment in the nodel was held constant, reflecting either natura
popul ations in equilibrium or hatchery-supported populations with stable
stocking. Results represent consunption and yield for an average cohort over
its Bife or one year in a population that is fully established and stable (R cker
1975).

V¢ summed yield and consunption for each age class over all years. V¢ ran
all similations with an initial population of 1,000 fish in the first age class
and tine interval. Results were expressed as the total consunption per recruit
and as the ratio of yield to consunption. In the case where we assuned a diet
of several prey itens, consunption estinates for each age class were nodified
to reflect consunption of kokanee only.

W ran base sinmulations with our "best estimates" for nodel paraneters.
V¢ ran a series of alternative similations to explore the relative influence of
changes or uncertainty in key paraneters.

Age at Maturity-Chinook stocked in freshwater |akes typically mature in
two to five years (Horner and R eman 1985; Aadland 1987; Stewart et al. 1981).
Most fish used in Coeur d' A ene Lake have matured at age 3+, which we assuned
in the base simulations. W did not explore alternatives in age at maturity.
Fish naturing later will consune nore prey and w Il have | ower production:bi onass
rati os and conversion efficiencies (Kitchell and Hewett 1987). CQur yield
estinates will be optimstic, and consunption estinates will be conservative if
fish mature | ater than age 3+.

Lake trout begin to mature at about 450 mmin length, with 905 maturity
for fish between 500 and 600 nmin nany popul ati ons (Hanson and Wckwi re 1967;
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Heal ey 1978). V¢ assumed that |ake trout natured fully at 600 mm or about 2, 000
grans. VW& assumed spawni ng every year, a sex ratio of 1:1, and an average | oss
of body weight of 6.8%for the sexes conbined (Stewart et al. 1983). Consunption
was adjusted in the nmodel to reflect the production lost to spawiing. W did
not make any alternative assunptions about age at nmaturity for |ake trout.
A though age at maturity nay vary, the influence on total consunption wll be
relatively small (x about 7% for each year of change) unl ess deviations are very
large relative to our base sinulation.

G owt h-For each species, we ran sinmulations with two growh rates to
represent weight at age under conditions of high and low forage availability.
Ney (1990) suggested that consunption at the nmaxi mum possible growth for a
predator represents potential forage demand. Maxi num possible growh can be
predi cted through bioenergetics nodel s by assuning a relative forage availability
of 100% (Hewitt and Johnson 1987). Rather than maxi mum possi ble growh rates,
we used upper growth rates actually observed with noderate or strong limetic
forage popul ati ons. W assurmed these growh rates reflect the potential with
kokanee avail able as forage. W used the upper growh rates for the base
simul ations. As a |ower bound, we used growth that approxinmated observations
wi th depressed kokanee popul ations.

For lake trout, we selected growth that bounded the growth observed in Lake

Mchigan (Stewart et al. 1983) and growth predicted for lake trout in Priest
Lake under conditions of high and | ow kokanee nunbers (Muuser et al. 1988)

(Figure 1). W assuned that |lake trout enter the | ake at 8 g.

For chinook sal non, we used growth bounding that observed in several fresh
wat er systens, including Coeur d Al ene Lake with a strong kokanee popul ati on and
Ander son Ranch Reservoir with a weak kokanee population (Figure 2). W assuned
that all chinook entered the lake at 40 g in June (simlar to stocking goals for
Coeur d' Al ene Lake).

Mrtality-Mrtality in the nodel included fishing and natural causes.
Heal ey (1978) suggested naxi mum sustainabl e exploitation (proportion of initial
stock harvested annual ly) of |lake trout is from0.30 to 0.40. Exploitation was
estinmated at about 0.30 in Lake Mchigan (Rybicki and Keller 1978) and 0.23 in
Priest Lake (Mauser et al. 1988). In our nodel we estimated that naxi mumyield
for lake trout with the upper range of growh was at exploitation of about 0.23.
In our simulations, we used a range of fishing nortality equival ent to annual
exploitation rates of 0.00 to 0.50. The base simulation was with exploitation
of 0.23. V¢ assumed |ake trout becane fully vulnerable to exploitation at about
380 mm (Mauser 1986) .

V¢ found no docurentation of exploitation rates for chinook in freshwater.
In the sinmulations, we used a range of annual exploitation from0.00 to 0.80.
Maxi rumyield was at exploitation of about 0.65. W used 0.40 as the base rate.
V¢ assuned that chinook became fully vulnerable to exploitation in the second
year regardl ess of size (unpublished data, |daho Departrent of Fish and Gane,

Regi on 1).

PREDTEXT
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Weight at age used in simulations of prey consumption for lake
trout. Weights were selected to bound observations of high and low
growth in other systems. Observations are from Stewart et al.
(1983) for Lake Michigan, and Mauser et al. (1986) for Priest Lake.
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Weight at age use in simulations of prey consumption for chinook
salmon. Weights were selected to bound observations of high and
low growth in other systems. Observations are from Stewart et al.
(1981) for Lake Michigan, Aadland (1987) for Lake Sakakawea,

Partridge (1988) for Anderson Ranch Reservoir, and Horner and
Rieman (1985) and Horner et al. (1989) for Coeur d'Alene Lake.
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Conditional natural rortality estinmates for |ake trout have been estinated
fromO0.20 to 0.30 (Mauser 1986; Heal ey 1978; Rybicki and Keller 1978). W
assunmed natural nortality equivalent to 0.26 for all age classes in our
si mul ati ons.

Stewart (1980) estinmated total annual nortality of chinook not recruited
to the fishery in Lake Mchigan at about 0.52. W found no other estinmates and
assuned conditional natural nortality of 0.50 for all age classes in our
si mul ati ons.

Initial survival for hatchery-stocked fish may be highly variable. As an
alternative to our base similations, we assuned survival in the first age class
(but not following ages) half that in the base similations. W did not use any
other alternatives regarding natural nortality. A though our assunptions of
natural nortality may be wong, total nortality in all of the sinulations ranged
from about 26%to 66% annually for |ake trout and 50%to 90% for chi nook. The
range of total nortality should account for most of the variation possible in
any popul ation.

Prey Selection-Lake trout forage extensively on kokanee. Even when kokanee
are abundant, however, other prey can be inportant, particularly for |ake trout
less than 500 mm (R eman and Lukens 1979; Luecke and Yul e 1990; Matuszek et al
1990). R eman and Lukens (1979) and Mauser (1986) found that nysids doni nated
the diet of lake trout under about 500 mmin length. Fish, nostly kokanee, were
i nportant beyond that size. Bjornn (1957) found that |ake trout |onger than 190
mm used kokanee and that kokanee were the domnant prey for the |argest size
classes. Small lake trout (<200 nmm) could prey on juvenil e kokanee, but that
has not been docunmented. To represent uncertainty in prey selection for |ake
trout, we made two assunptions. As an upper bound we assuned that all |ake trout
used only kokanee. As a nore realistic alternative, we assuned that |ake trout
snmal l er than 200 g did not use kokanee. W& assuned that kokanee nmade up 20% of
the diet for fish between 200 and 1,800 grans and 80% of the diet for |ake trout
over 1,800 grans.

Chi nook nay use a variety of prey including invertebrates (Aadland 1987
Stewart 1980). However, as chinook grow, they quickly switch to limetic fishes
(Stewart and Ibarra in press). Kokanee were the only prey observed in any
chi nook stomach sanples from Coeur d' Al ene Lake. Chinook of 40 g are capabl e
of consuning juvenil e kokanee (LaBolle 1988). Kokanee are the only, or dom nhant,
limetic forage in nost |daho |akes. W, therefore, assuned prey conposition
for chinook in our sinmulations to be 100% kokanee.

Conversion Efficiency-V defined gross conversion efficiency as the ratio
of growth divided by total food consunption. Both estimates are in wet weight
per individual. To estimate food consunption, we weighted production in each
age class and tine period by the inverse of gross conversion efficiency (R eman
and Beanesderfer 1990; Ney 1990).

PREDTEXT
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V¢ estimated conversion efficiencies for chinook salnon and |ake trout wth
the Wsconsin bioenergetics nodel (Hewitt and Johnson 1987). Qur paraneter
estinmates for the bioenergetics nodel were identical to those of Stewart et al.
(1981), Stewart et al. (1983), Kitchell and Hewett (1987), and Stewart and lbarra
(in press). The growth, nortality, maturity, and |longevity schedul es we used
are expl ai ned above.

V¢ assunmed predator tenperature preferences identical to SSewart and Ibarra
(1991). W predicted the tenperature experience for each predator from
tenperature data in Coeur d A ene Lake, ldaho (Appendix Q. From Stewart and
Ibarra (in press, cited fromBrett et al. 1969), we estinated energy density for
Q nerka (estimated for the sizes used as prey in our |akes) to range from 1, 379
cal/g to 1,449 cal/g. W assunmed a constant value of 1,400 cal/g for all prey.

W summarized the output from the bioenergetics nodels to estimte
conversi on efficiency over 91-day periods for chinook and one-year periods for
| ake trout. The estimated conversion efficiency for each age class and tine
period corresponded directly to those used in our yield nodel.

RESULTS

Kokanee Producti on

Estimates of production that could be available to predation (PP.B) ranged
from40%to alnost 70% of total production (Table 1). Qur base simulation of
production to nortality was 47% of total biomass (Table 1). Changes in growh
had the largest influence on PP.B. The alternative simulations in growh and
i ncubation survival both produced about a two-fold range in the proportion of
bi omass that could be channel ed to predati on.

Estimated biomass in 11 kokanee | akes ranged fromless than 1 to over 90
kg/ hectare (Figure 3). Loge bionass was correlated with chlorophyll '"a' and
Secchi transparency (Table 2, Figure 3). Chlorophyll concentrations expl ai ned
about 66% of the variation in bionmass estinates when depressed popul ati ons were
renoved fromthe sanple. Predictions of potential kokanee biomass based on
regressi on agai nst chlorophyll a ranged 20- to 30-fold over the range of
chl orophyll in our waters (Table 3).

Predat or Consunpti on and Yield

Estimated conversion efficiencies for lake trout and chinook declined wth
age fromabout 0.30 in youngest fish to 0.08 or less in the ol dest age cl asses
(Tabl e 4). Conversion efficiency was simlar at age for fast- and sl ow grow ng
| ake trout, but was lower with slow growth in relation to size of fish. For
chi nook conversion efficiencies relative to age and size of fish differed nore
mar kedl y between fast and sl ow growth than for [ake trout. Qur estimated
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Table 1. S nulated ratios of kokanee production lost to nortality to
total production and fall bionmass under varied survival,
exploitation, and growh. The ratio of total production to

fall is also shown.

Mortality: Mortality:

Producti on Bi onmass PP: B
Esti mate 0. 56 0. 47 0. 84
Low i ncubation survival (10% 0. 40 0. 30 0.75
Hi gh i ncubation survival (80% 0. 65 0.58 0. 89
Exploitation in fishery (30% 0.41 0. 34 0. 84
Focused nortality 0.42 0.32 0.76
Hi gh grow h? 0. 69 0. 66 0.96
Low gr owt h® 0.56 0.29 0.51

®Fecundity al so was adjusted to be consistant with size at maturity.

PREDTBLS
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Figure 3. Relation of estimated kokanee biomass (wet weight) and chlorophyll
a in 10 Idaho lakes and reservoirs. The regression line was fit to
the data excluding depressed populations.
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Table 2. Pearson correlation coefficients between different expressions
of kokanee bi onass and chl orophyl

‘a' or Secchi

Sampl e sizes are shown in parentheses.

t ranspar ency.

(n) Chl or ophyl | Secchi
Kg/ hect are (46) 0.78 0.59
Log. kg/ hectare (46) 0.74 0. 54
Mean kg/ hectare (46) 0.75 0. 47
Loge nmean kg/ hectare (11) 0.72 0. 54
Sel ect | oge kg/ hectare? (25) 0.82 0. 65
Sel ect kg/ hect are?® (35) 0. 88 0. 58
Maxi mum kg/ hect are (11) 0. 47 0.62
Loge maxi mum kg/ hectare (11) 0.76 0.74

%Cbservations from depressed popul ati ons were elim nated.

PREDTBLS
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Tabl e 3.

Chl orophyl| "a', Secchi transparency, and observed and
predi cted bi onass of kokanee for el even | akes and
reservoirs.

bserved
Secchi Mean bi onass Predi ct ed®
Chl orophyl | transparency kg/hectare bi onass
Lake ‘a (m (n) kg/ hect ar e
Pend Oreille 2.0 6.5 10.2 (9) 7.4
Pri est 1.5 8.0 1.3 (93 5.5
Coeur d' Al ene 4.0 5.0 23.3 (6) 24.9
Payette 1.0 9.0 2.7 (9 4.0
Upper Pri est 2.9 6.0 1.7 (2 12. 8
Spirit 5.3 3.9 54.5 (8) 54.9
Ander son Ranch 4.2° 3.4 7.6 (2 28.1
Odel | 3.0 7.0 16. 3 (3 13.6
Al turas <1P 13.0 5.2 (1 <4
Redfi sh <1P 14.0 1.8 (1 <4
Dwor shak 1.6 4.5 7.3(3 5.8

®Predi cted fromthe observations of bionass and chl orophyl | where
obvi ousl y depressed popul ati ons were elinmnated fromthe nodel
Predi cted fromregression on Secchi transparency as described by
Ri eman and Myers 1990.
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Table 4. Conversion efficiency for Tlake trout and chinook salmon estimated using the Wisconsin Bioenergetics
Modela. Lake trout estimates are on an annual basis; chinook are on a quarterly basis. Estimates
are for two growth rates bounding the range expected with kokanee as forage.

Chinook Lake trout
Fast growth Slow growth Fast growth Slow growth
Ending weight weight weight weight
Year day (@) Conversion (q) conversion q) conversion (q) Conversion

1 91 256 0.34 189 0.32

1 182 754 0.36 520 0.36

1 273 962 .25 654 0.24

1 365 1,347 .26 912 0.27 176 0.30 0.30

2 91 2,396 .18 1,365 0.14

2 182 3,675 .185 1,948 0.19

2 273 4,114 .133 2,121 0.13

2 365 4,953 .165 2,454 0.16 581 0.23 52 0.21

3 91 6,052 .09 2,720 0.06

3 182 7,644 .13 3,313 0.13

3 273 8,158 .09 3,475 0.08

3 365 9,055 .11 3,806 0.11 1,161 0.17 205 0.23

4 91 9,928 .05 3,980 0.03

4 365 1,899 0.14 584 0.21

5 365 2,863 0.14 934 0.14

6 365 4,029 0.12 1,458 0.13

7 365 4,960 0.11 1,901 0.12

8 365 6,304 0.11 2,385 0.12

9 365 7,823 0.10 2,785 0.10
10 365 9,270 0.09 3,492 0.12
11 365 10,634 0.08 3,904 0.09
12 365 12,041 0.08 4,37 0.09
13 365 13,279 0.07 5,020 0.09
14 365 14,391 0.07 5.611 0.09
15 365 15,528 0.06 6,181 0.08

dHewitt and Johnson 1987.
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conversion efficiencies for both |ake trout and chinook were simlar to those
predicted for the sane species in Lake Mchigan (Stewart et al. 1983; Stewart
and Ibarra in press).

Simul ated total food consunption for |ake trout ranged from about 1,300
to 20,000 g/recruit (Appendix D). Estimated consunption for the base simlation
was about 8,000 g and was less than half of that under no exploitation (Table
5). Slow growth or low initial survival reduced the base estimate by about hal f
agai n. The assunption that kokanee represent only part of the diet had a large
i nfluence on estinmated consunption (reduced by 50%to 75% relative to the base
simul ati on) that was npst pronounced under slow growth (Table 5).

The estinmated consunption for chinook ranged fromb5,200 to 20,500 g/recruit
and was simlar to that for |ake trout (Appendix D). Assunptions regarding
exploitation, growmh, and survival also had sinmlar though |ess pronounced
effects on the estimates of total consunption.

Estimated consunption over the life of a cohort peaked in the third to
sixth year for lake trout (Figure 4). Consunption persisted at a relatively high
level (10% or nore of the peak) at least into the ninth year. Exploitation
shifted the peak in consunption to earlier years, while the assunption that
kokanee represent only part of the diet shifted the peak later (Figure 5).

Estimated consunption over life for chinook peaked at year two or three.
Peak consunption within an age class was several times that observed in |ake
trout, but obviously stopped after year four. Exploitation also shifted peak
consunption to earlier ages in chinook (Figure 5).

The ratios of yield to total consunption (Y:C for lake trout and chi nook
sal non were remarkably simlar over the range of exploitation comon to both
species (Figure 5). The Y:C increased in linear fashion w th increasing
exploitation. Qur alternative assunptions regarding growth had little effect
on the results. Because |ake trout and chi nook probably cannot support the same
level of exploitation, sustainable Y:C will differ. From our base simlations
we estinmate that chinook will be alnmost two tinmes (Y:C = 0.10 vs 0.06) as

efficient as lake trout in converting total food consunption to yield (Appendi x
E). If we consider the maxinumyield (not necessarily sustainable) in our
sinul ations, the discrepancy mght be higher (Y:C = 0.14 vs 0.06) (Appendix D).

Wien we considered only kokanee in lake trout diets, the Y:C inproved
substantially (Figure 5). Srmulations for slowgrowing |ake trout produced the
hi ghest ratios. If lake trout are nore diverse in their food habits than
chi nook, the Y:C should be simlar to or better than chinook. Under our

assunptions of prey selection, the base estimates of Y:C for |ake trout ranged
fromabout 0.13 to 0.21 relative to 0.10 for chinook (Figure 5, Appendix D).
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Table 5. Selected estinmates of consunption (g) per average individual
predat or stocked over life.

Chi nook Lake trout Lake trout
t ot al t ot al kokanee only
Esti mat e® 10, 400 7, 600 3,700
Maxi mum yi el dP 7,000 7, 600 3,700
Unexpl oi t ed 20, 500 19, 600 12, 700
Sl ow growt h 5, 400 4,100 1, 300
Low initial survival 5, 200 3, 800 1, 850

®Assumes hi ghest growth; conditional natural nortality of 0.50 for chinook
and 0.26 for lake trout; exploitation at 0.42 for chinook and 0.23 for |ake
trout.

"Maxi mumyi el d per recruit occurred with E = 0.65 for chinook and E = 0.23
for |ake trout.

Assunes survival in first year is half of that experienced in follow ng
years.
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Figure 4. Examples of estimated prey consumption per recruit by year after

lake entry for lake trout and chinook salmon. Examples for chinook
show exploited and unexploited populations. Examples for lake
trout show exploited and unexploited populations with consumption
of total food and of kokanee only.
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Figure 5.

Simulated ratios of yield to consumption for lake trout and chinook
salmon under varied growth and exploitation. Open points represent
high growth and closed points represent low growth. Panel A shows
ratios for total prey consumption by both predators. Panel B shows
ratios for consumption of total prey and of kokanee only for lake
trout.
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Potential Predator Yield and Stocki ng Rates

In a stable population, potential predator yield should be equal to the
product of the Y:C and forage production available to predation. Gven our
previously derived estimates, potential yields for chinook and | ake trout shoul d
range from 2% to 10% of kokanee biomass (Table 6). The base simulation results
produce overall estimates of potential predator yield that range an order of
magni tude for our |akes (Table 7) from2.2 to .22 kg/ hectare/year for chinook.

Stocking rates necessary to consune all avail abl e kokanee production can
be estimated by dividing the predicted biomass available to predators by the
estimate of consunption for an average predator over its life. Stocking rates
projected for lIdaho | akes range an order of nagnitude for both chinook and | ake
trout, but all estinmates are less than 7 fish/hectare (Table 7).

DI SCUSSI ON

Pot enti al Kokanee Production

Not all the annual production can be channeled to yield or, in our case,
to predators (Ney 1990). Roughly 50% of annual production can be available to
predation on a sustained basis (40%to 70%. These estimates are simlar to the
0.3 to 0.5 proportion of production assuned available as yield in sone exploited
fishes (Coulter 1981).

Esti mates show that production available to predators will vary with the
characteristics of a kokanee popul ation and perhaps w th managenent. G ow h
and initial survival produced the largest (roughly two-fold) variations in the
avail abl e production. Kokanee growth is strongly related to productivity of the
| ake (R eman and Myers 1990a). Thus, nore productive |akes should be able to
sustain a higher rate of predation than wunproductive |akes. Hatchery
suppl enentati on of some kokanee popul ations could al so increase the production
avail able. Exploitation in a fishery, or egg collection for the supplenentation
of other popul ations, could reduce production available to predation. Hatchery
suppl ementation may pose a risk if production is not stable. If predator
stocking were geared to hatchery-suppl enented production of kokanee and the
hat chery stock failed, the remaining wild stock coul d be seriously depressed.

A conservative estimate of available production is recommended for predator
managenent. Predator-prey interactions can be unstable (Mirdoch and Bence 1987)
and unpredictable. Survival of kokanee will vary with environnmental events
(Reman and Bow er 1980; Decker-Hess et al. 1985; Fraley et al. 1986; Fraley and
Decker-Hess 1987; Bow es et al. 1989; Beattie et al. 1990) and can not be
estimated with any precision. Exploitation may vary indirectly with kokanee
popul ation size (Reman and Mers 1990b) and with vagaries of angler
distribution. Production available to predation, therefore, nust be variable
both within and anong kokanee popul ations. Qur base estimate of about 50% of
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Table 6. Exanples of potential yields®for chinook sal non and | ake trout
as a proportion of fall kokanee bi omass. Estimates for chi nook
are for total prey consunption. Estinmates for |ake trout are
for total prey and for kokanee only.

Al ternative Estinnates

Base® Slow predator Sl ow kokanee® H gh Kokanee®

Pr edat or Esti mate ar owt h growt h growt h
Chi nook

(total) 0. 044 0. 05 0.03 0. 07
Lake trout

(total) 0. 028 0.03 0. 02 0.04
Lake trout

(kokanee sel ecti on) 0. 063 0.10 0. 04 0. 08

aEstimates are based on the ratios of predator yield to consunption (F gure 5)
and of avail abl e kokanee production to fall bionmass (Table 1).
®Based on high predator growth and opti num expl oi tati on.

‘Alternative estimates selected to represent the full range of avail able
production to bionmass rati os.
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Table 7. Estinates of appropriate stocking rates and potential yields for
chi nook salnon and | ake trout in select |Idaho kokanee | akes of
varied productivity and kokanee bi onmass.

Sunmer
nmean Pr edi ct ed St ocki ng Rate Yield
chl orophyl | kokanee (fish/hectare) (kqg/ hect are/ year)

Lake ‘a bi omass |ake trout chinook |ake trout chinook

Spirit 5.3 50 6.7 2.5 3.20 2.20

Coeur d' Al ene 4.0 20 2.7 1.0 1.26 0. 88

Pend Oreille 1.0 10 1.4 0. 50 . 06 0.44

Pri est 1.5 5 0.7 0.25 0.32 0.22
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bi omass shoul d be considered only as a starting point. If a population is
particularly unstable, or if a fishery or other source of nortality is inportant,
the estimate should be reduced accordingly. V¢ recommend 50% as an upper bound
of the biomass avail able to predation.

Qur relation of biomass and | ake productivity indicates that kokanee
production or potential production should vary substantially anong |daho | akes.
Predi cted kokanee biomass for the |akes in our sanple ranged an order of
magni tude, while the actual estinmates ranged even nore (Table 3). It should be
understood that Idaho lakes will not all produce sinilar forage or fisheries.
Productivity of the lake environnent will have an inportant influence on kokanee
and predator production and yield. Like kokanee bionass, production and yield
will also vary by an order of magnitude or nore across |daho | akes.

Kokanee cannot incorporate all secondary production. Kokanee do not
effectively exploit secondary production from benthic sources (Hall and Hyatt
1974) because they feed al nost exclusively on macrozoopl ankton in the pel agic
area (Rerman and Bow er 1980). Eggers et al. (1978) found that the benthic food
chain was the dominant energy pathway in Lake Washi ngton. Mst production was
not channeled through Ilimetic fishes. Hall and Hyatt (1974) also found that
estimates of kokanee bi omass and trout biomass in Marion Lake were | ower than
the expected total fish bionass. Kokanee, therefore, represent only a part of
the possible forage production in any |ake or reservoir. Predators (lake trout
and bull trout) that use a nore diverse forage comunity nay support greater
yi el ds than those (chi nook and rai nbow) that rely solely on kokanee.

Predat or Consunption and Yield

VW found striking simlarities in estimates of total consunption (Table
5) and the Y:Crelated to exploitation (Figure 5) for the two predators we
consi dered. The bioenergetic paraneters are assuned to be simlar for all
sal nonids. Any differences in consunption estimates nust be driven primarily
by differences in growmh, prey selection, longevity and nortality, and
tenperature. Fish size and tenperature should explain the |argest differences
in estimates of total consumption (Carline 1987). In our nodels, |ake trout and
chi nook reached simlar maxi num sizes, though specific growth rates were mnuch
different. Tenperatures were also simlar. In our sinulation, absolute
differences in growh rates between the species were conpensated by opposing
differences in natural nortality and longevity. Qur results show that expected
differences in total forage denand anong sal nmonid predators are not |arge. The
expected benefits (fishery yields) relative to total forage consuned are al so
simlar as long as exploitation rates are | ow

V¢ did see inportant differences between predators. Estimates of kokanee
consunption, the distribution of consunption over the life of a cohort, and the
ratio of yield to consumption at realistic exploitation levels all differed
substantially between the two species. These differences should be inportant
to predator managenent.
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Consunpti on of Kokanee-Qur assunptions considering only kokanee as prey
reduced consunption estimates for lake trout to roughly one-half to one-third
of those for chinook. The shift was clear even though we assuned that kokanee
represented the domnant forage (80% of larger lake trout. The disproportionate
shift was the result of a major portion of production and consunption in the
younger | ake trout that presumably woul d not use kokanee.

V¢ believe that diets of |ake trout in nost kokanee |akes will be nore
di verse than those of chinook sal non. Lake trout consistently use benthic and
littoral forage itens as well as limetic fishes (B ornn 1957; R eman and Lukens
1979; Matuszek et al. 1990). A though chinook may use a variety of prey (Stewart
and Ibarra in press), they appear to use |limetic fishes al most exclusively when
avai | abl e. Chinook in lIdaho are stocked at a size capable of preying on juvenile
kokanee (LaBolle 1988). In nany of our |akes, kokanee are the only limetic
fish. Benthic invertebrates (e.g., nysids and anphi pods) and benthic and
epi benthic fishes (e.g., yellow perch, scul pins, whitefishes, and various
cyprinids) are also common. As a result, we believe |ake trout have a | arger
forage base avail abl e than chinook in nost |akes.

D fferences in consunption estinates produce correspondi ng differences in
suitable stocking rates for the two species. From our base sinmulations, we
estimate that chinook should be stocked at 0.25 to 2.5 fish/hectare. Lake trout
could be stocked at two to three tinmes that level (0.7 to 6.7 fish/hectare)
(Table 7). Those differences should apply only if the assunptions we used to
generate the estimates are consistent for the systemin question.

Distribution of Consunption Through Tine-The distribution of prey
consunption over the life of a cohort was very different for the two predators.
The general response has been ternmed predator inertia (Stewart 1980; Stewart et
al. 1981). Lake trout represent a greater inertia than chinook. As a result,
the ability to predict forage availability, and conversely to predict the effect
of predation on the forage population, will be rmuch different for the two
predators (Stewart 1980). Consunption in |ake trout should peak four or nore
years after stocking and continue for nmuch longer (ten or nore years). Forage
dermand by lake trout will persist well beyond our ability to predict kokanee
production. If the kokanee popul ation is unstable, optinmstic stocking in one
year wWill result in a disparity in forage availability and demand in the future
(Ney and Oth 1986). Collapse of the forage popul ation is possible. Chinook
will consune far nore prey in a short period (two to four years). Chinook
however, will disappear fromthe system nore quickly than |ake trout. The
inertia in chinook predation corresponds nore closely with our ability to
estimate kokanee abundance and production. |f over-stocking occurs, recovery
will be possible earlier with chinook than with | ake trout.

Yi el d: Consunpti on-Qur estinated ratios of yield to prey consunption for
| ake trout and chinook followed simlar increasing patterns with increasing
exploitation. The increase in relative efficiency results as fishing takes a
| arger portion of available predator production and shifts the predator
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popul ati on structure nore heavily toward young fish. Production (and thus
consunption) to bionmass ratios are typically higher for young sal noni ds (Chapnan
1978; Véters et al. 1990; Stewart and Ibarra in press). Conversion efficiency
is higher in snmaller and younger fish as well (Stewart et al. 1983; Table 4).
For managenent, that neans that highest benefit (predator yield) to cost (lost
kokanee production) wll be at the highest exploitation that can be sustained
with the predator in question.

Lake trout and chi nook cannot be exploited at the sane rates to produce
maxi num yi el ds. Long-lived fishes cannot support the sane |evel of exploitation
as short-lived species (R cker 1975; Francis 1986). The naxi mum equilibrium
yield per recruit in our similations was at exploitation of about 23%for |ake
trout but nearer 70% for chinook. Wen we considered realistic exploitation
rates for the two species, chinook were nearly twice as efficient in relation
to total food consunption. Wien we considered only kokanee as prey, however,
the diversity in lake trout food habits produced an equival ent or greater benefit
in yield per weight of kokanee consumed. Al though chinook represent a nore
efficient transfer of total food to yield, |ake trout should provide better
yields in systens with a diverse forage base.

St ocki nq Rat es

Appropriate stocking rates for both predators were estimated at |ess than
7 fish/hectare. The estimates vary with our assunptions, but the range is
consi stent with experience in successful prograns. Stocking rates for chi nook
have ranged fromless than 1 to nearly 5 fish/hectare in Coeur d' A ene Lake
(ldaho Departnent of Fish and Game, unpublished data). Stocking necessary to
use surpl us kokanee production in Coeur d Al ene Lake appears to be on the order
of 2 to 3 fish/hectare (Miiolie, |daho Departnent of Fish and Game, personal
conmmmuni cation). Recent nunbers of all predators stocked in Lake M chigan
(Kitchell and Hewett 1987) are equivalent to about 1.8 fish/hectare and nay be
too high. Predators apparently have depressed, and may col |l apse, the Lake
M chigan forage base (Sewart and lbarra in press; Stewart et al. 1981, Stewart
et al. 1983). Chinook have been stocked at less than 1 to about 7 fish/hectare
in Lake Sakakawea (Aadl and 1987). Some forage species have been elin nated
(Aadl and 1987). Stocking in Lake Sakakawea may al so be too high.

Past predator stocking rates in |Idaho waters have probably been ruch too
high. Fromthe hatchery data base we estimate chinook were stocked in Anderson
Ranch Reservoir at 5 to 17 fish/hectare and in Salnon Falls Reservoir at 10 to
120 fish/ hectare. Lake trout have been stocked in Payette Lake at 2 to 43
fish/hectare, in Palisades Reservoir at 1 to 27 fish/hectare, and in Sanley and
Warm | akes at about 660 fish/hectare. COver-stocking may either result in poor
or no survival of predators or depression and possibly even the col |l apse of the
forage base (Ney and Orth 1986). Heavy predator stocking nay explain the
col | apse of kokanee in Anderson Ranch Reservoir and the failure of chinook
i ntroductions in other |daho waters.
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Socking rates in the past may have been determined from "typical" stocking
rates for fingerling trout. For future predator introductions, we recomend
adoption of conservative stocking rates to reduce initial risk and increase
chances for success. Conservative stocking should result in the best possible
survival of predators and maxi mum predator growh (Ney and Oth 1986). Once
better information is available, stocking can be increased if necessary.

Managenent | nplicati ons

There are risks with the use of predators in kokanee waters. Kokanee
popul ations are naturally variable and vul nerable to unpredictable forns of
nortality. Reservoir drawdown, river flow, and spring warning trends have all
been correlated with kokanee abundance (Mauser et al. 1988; Fraley et al. 1986;
Bow es et al. 1989). The probability that kokanee production in a given water
will be less than predicted is good. If forage demands in excess of forage
production result fromstocking on predicted forage |evels, predators can depress
or collapse the forage population (Ney and Oth 1986). As prey popul ations
decline, conpensation in predator growh and survival can reduce prey
consunption, but probably not decline as quickly as prey abundance. Predators
can inpose a depensatory nortality on prey popul ations (Peterman and Gatto 1978;
Par ki nson unpubl i shed manuscript). This can result either in collapse or a
popul ation trapped at very low densities. Kokanee may be particularly vul nerable
to depensatory effects. Schooling behavior typical of kokanee may increase
vul nerability to predators at |ow kokanee density (Qark 1974; Radovich 1979;
Par ki nson unpubl i shed manuscript). Recent kokanee popul ation collapses in
Priest, Flathead, and other |arge western | akes have been related to | ake trout
predation (Beattie et al. 1990; Bowes et al. 1991). Dranatic decline of
alewives in Lake Mchigan and a risk of popul ation collapse have been attri buted
to heavy stocking of salnonids (Stewart and Ibarra in press; Stewart et al.

1983). Aadl and (1987) noted that chinook elimnated several forage species in
Lake Sakakawea.

The use of predators in our |east productive |akes is questionable. The
benefit in predator yield relative to the cost of |ost kokanee production is
low. Apredator fishery should produce yields of only 10% to 20% of those
possi bl e for kokanee al one. Roughly 80%to 90% (or nore) of kokanee production
that mght otherwi se be channeled to anglers or an egg-taking programis | ost
in conversion to harvestable production of predators. In unproductive | akes,
nearly all kokanee production would produce predator yields of 0.1 to 0.3
kg/ hectare. If a kokanee fishery was deened inportant, predator yields would
have to be even lower. By conparison, annual yield for predators in north |daho
| akes has typically ranged fromO0.4 to 1 kg/hectare.

Wth low total fish production, there is little benefit to reduce potential
yield by channeling existing production through a predator. R sks al so increase
with the chances for discrepancy in forage demand and production. In productive
| akes, a relatively mnor portion of kokanee production can be channeled to
predators and still produce a good predator fishery |eaving sone breathing room
for error. In unproductive |akes, a |arger portion of production nust go to
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predators to produce a simlar or at |east acceptable predator fishery. The risk
of collapse will increase with the proportion of kokanee production channel ed
to predators and with the variability in kokanee abundance.

The differences in potential yield between |ake trout and chi nook indicate
that |ake trout could be a nore efficient alternative in unproductive | akes.
By tapping production fromother fishes, particularly nongarme fish, total vyields
can be much higher than if kokanee were the only forage. V& believe, however,
that the better potential associated with lake trout al so equates to greater
risk. Because |ake trout effectively use other forage, populations can persi st
in the absence of kokanee. Lake trout seemto prefer kokanee. Both kokanee in
the diet and | ake trout growth increase as kokanee nunbers increase (Muser et
al. 1988; Bowles et al. 1991). A large |ake trout popul ation can persist for
long periods with forage other than kokanee but respond quickly with a dramatic
increase in forage demand as kokanee popul ations increase. Predator inertia in
lake trout is also nuch greater than for chinook. A strong cohort of |ake trout
resulting from high forage availability in one year mght effect many year
cl asses of kokanee in the future.

Limtati ons of the Anal ysis

Qur results varied substantially with our assunptions about grow h,
nortality, and prey selection. Uncertainty in those paraneters |leads to
uncertainty in consunption estimtes that may range as much as an order of
magni t ude.

The uncertainty in prediction can be reduced with some famliarity with
the systemin question. Interpolation of our results consistent with data, or
reanal ysis with specific paraneter estinates regarding prey selection, predator
growh, and nortality will help. For exanple, using our base sinmulations, we
estimated an appropriate stocking rate of about 1 chinook/hectare for Coeur
d Al ene Lake. Recent experience suggests that appropriate stocking rates may
be nore on the order of 3 or nore fish/hectare (Miiolie, |daho Departnent of F sh
and Gane, personal conmunication). Available information suggests chinook
nortality nay be higher than we assuned in our base simulation. |ncorporation
of higher nortality (e.g. our assunption of poor initial survival) would roughly
doubl e the predicted stocking rate, and rmay be nore consistent with reality.
Specific information on chinook food habits and growth could produce simlar
corrections.

Despite the possibility of better estimates with better data, predictions
of consunption and yield still are only approxi mati ons. There is uncertainty
in paraneters related to the bioenergetic nodels, to longevity, to initial size
at stocking, and to tenperature. A so, we did not consider the conpensation that
can occur in growth and survival of both predator and prey as densities vary.
For example, stocking of predators will increase nortality of kokanee. As
kokanee density declines, growth should increase (R eman and Myers 1990a) with
a corresponding shift inthe PP.Bratio. AA the sane tinme, forage availability
for predators may change with resulting shifts in growh, survival, prey
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sel ection, and conversion efficiency (Stewart and Ibarra in press). Qur results
best represent systens in equilibrium although that equilibrium nay never exist
for very |l ong.

VW limted our work to | ake trout and chi nook. Additional analyses of
rai nbow trout, Atlantic salnon, and bull trout are possible and mght be useful
since those predators are also used in kokanee waters. W believe, however,
that the additional work would add little new information. The basic parameters
for the nodeling would either be simlar to, or internediate to, those used for
| ake trout and chinook. Mich of the necessary information on nortality, food
habits, and tenperature preferences is limted or not available. Qur assunptions
and resulting uncertainty would mrror that for chinook and | ake trout. Because
of the assunmed consistency in bioenergetic parameters anong sal nonids (D.
Stewart, State University of New York, personal comunication), life history
characteristics would have the largest effects on our results. |In general,
| ongevity for these species falls between that of |ake trout and chi nook.
Maxi mum sizes are simlar. Estimates of total consunption and potential yield
al so should be simlar to those for |ake trout and chinook. Predator inertia
should be internediate to the extremes. Rainbow and bull trout are known to make
extensive use of invertebrate forage (l1daho Departnent of Fish and Gane,
unpubl i shed data; R eman and Lukens 1979; Bow er 1977) as well as kokanee. The
use of alternative forage probably nore closely resenbles that of |ake trout than
chinook, particularly in earlier cohorts. W suggest then that rai nbow trout,
bull trout, and Atlantic salnon should provide better efficiency in yield than
chi nook sal non. Those species al so pose greater risk for asynchrony with forage
production and the chance of kokanee popul ation col |l apse. The benefits and risks
are probably simlar to or less than those for |ake trout.

Qur anal ysis assunes that predator popul ations are supported entirely
through hatchery stocking. In reality, predators becone self-sustaining in rmany
of the large natural |akes. In those cases, the estinmates of stocking rates are
of little direct benefit. Decisions to augment predator popul ations nust rely
on other estimates of existing predator consunption or kokanee nortality. Self-
sust ai ning popul ati ons al so reduce the inportance of differences in predatory
inertia. Natural recruitment in chinook may produce multiple generations of
predators that will effect future unpredictable production of kokanee just as
a single cohort of |ake trout.

Despite the uncertainty in estinmates of kokanee consunption and predator
yield, our methods and results provide a way to eval uate nanagenment alternatives
and risks. Any changes in predator managenent, whether it is new or enhanced
stocking or a change in regulations, can at |east be evaluated on a relative
basis. Stocking rates can be conpared to those shown here and adjusted based
on experience with the system If predators already exist in a system but
present nunbers are unknown, a crude approxination of current kokanee consunption
can still be nade fromestimates of predator yield and our yield to consunption
ratios. Wth a base of possible existing consunption and predictions for new
stocking, the risk of supplementation can be wei ghed. The changes in consunption
predicted with changes in nortality can be used to interpret the effects of
fishing regul ations. For exanple, new harvest regulations on Pend Creille Lake
shoul d have reduced nortality on the doninant predators and, in turn, increased
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consunption of kokanee. A sinulation of predation and the regul ati on changes
woul d provide an estimate of the relative increase to be expected. Such
informati on should be inportant to any decisions about further enhancenent of
predators in kokanee | akes.

SUVMARY AND CONCLUSI ONS

Annual kokanee production ranges from about 50%to 100% of fall biomnass
and 75% to 150% of mean annual bi omass. Production potentially available to
predators ranges from about 30%to 70% of fall bionmass.

Kokanee biomass (and thus production) is strongly influenced by
productivity of the lake or reservoir. Potential kokanee production in |daho
wat ers should range nore than an order of nmagnitude. Al |akes are not equa
in their potential to support fisheries or to produce forage for predators.
Know edge of lake productivity and the strength of a kokanee popul ation is needed
for decisions regardi ng predator introduction or augnentation.

Kokanee production represents only a part of potential forage production.
Predators that use a diversity of forage have a higher potential production and
yield by virtue of a larger avail able forage base.

Hat chery suppl enentati on of kokanee popul ations could inprove the portion
of kokanee production that can be channeled to predators by reducing initia
nortality. Wth conpl ete support of the population (ie. all production is from
the hatchery), the benefit could approach a two-fold increase in available forage
and still maintain a stable popul ation

Hatchery production is often unstable. |Increased predator stocking to take
advant age of hatchery suppl enentati on of kokanee could create greater discrepancy
in forage denmand and production. Increased predator stocking under that
condition represents a greater risk of kokanee popul ati on col | apse.

Qur estimates of predator consunption range nearly an order of magnitude
as a result of the range in our assunptions about growh, nortality, and food
habits. Specific know edge about the predators and lake in question will be
necessary to rmake better estimates of predator consunption.

Chinook are nearly twice as efficient at conversion of total prey
consunption to yield than | ake trout. Lake trout, however, are likely to have
nore diverse food habits than chinook, resulting in better potential yield to
consunption of kokanee and better yields overall. Chinook should provide the
best yields in |akes where kokanee are the dominant or only forage. Lake trout
wll provide the best yields in systens with a diversity of fish and invertebrate
f or age.

Esti mates of kokanee production and predator consunption are uncertain
and should serve only as a starting point for adaptive managenent. Initial use
of predators should be conservative to ninimze risk and maxi m ze survival and
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growh of predators. Initial stocking rates should be based on |ake
productivity, status of the kokanee popul ation, and exploitation in the kokanee
fishery.

Qur nodeling approach and results may be best used to predict relative
changes in predation with changes in nanagenent. Data or educated guesses on
predator growh, nortality, food habits, and stocking rates or popul ation size
can be used to approximate consunption. The effect of regul ati on changes or
addi tional stocking can be estimated through the nodels. If direct consunption
estinates are inpossible, the yield to consunption ratios can be used for rough
estimates of the consunption necessary to support observed yield. Consunption
estimates should be related to concurrent estimates of kokanee biomass. |If
conservative estinates of yield to consunption ratios equal or exceed 30% of fal
kokanee bi onass, managers shoul d exercise extrenme caution in predator nanagenent
(unl ess, of course, collapse of the kokanee population is not a problen).

Qur estimates of appropriate stocking rates range fromless than 1 to about
3 fish/hectare for chinook and to about 7 fish/hectare for |ake trout. The
estinmates are based on our base simlations, and the best rates coul d be higher
or lower. The estimates are consistent, however, with stocking rates in
successful predator nanagement programs. Hstoric stocking rates in some |daho
wat ers have been rmuch hi gher and provide one explanation of poor perfornance of
stocked predators and the col | apse of some kokanee popul ati ons.

Longevity and diversity in food habits for Atlantic sal mon and rai nbow
trout are probably internediate to those for lake trout and chi nook sal non.
Utimate sizes are probably simlar to |lake trout and chi nook sal non. The
potential yields of Atlantic salnon and rainbow trout per |ost kokanee production
shoul d be better than for chinook salnmon and equal to or less than for |ake
trout. The risks of collapsing the kokanee popul ati on because of ascyhcrony in
forage demand and production shoul d al so be higher than for chi nook sal non and
equal to or less than for |ake trout.

RECOMMENDATIONS

1. Initial predator stocking rates should not exceed 1 to 3 chinook/hectare
or 2 to 7 |lake trout/hectare based on |ake productivity and kokanee
densities. Stocking should only be increased based on experience wth
previous introductions in a system

2. M anned vyi el d-to-consunption ratios should not exceed 30% of fall kokanee
bi omass. R sk of collapse of kokanee population is high wth predator
nunbers that utilize kokanee forage beyond this |evel
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3. Lake trout have a greater predatory inertia than chinook. Lake trout
shoul d al so be |ess dependent on kokanee as forage. Lake trout represent
a greater risk of asynchronyin forage denmand and avail ability than chi nook
and a greater risk of collapsing a kokanee popul ati on for [ong peri ods.
Lake tgfut shoul d not be used in systens where kokanee production is highly
vari abl e.

4. Roughly 90% of kokanee production is lost by conversion to yield of
predators. If all avail abl e kokanee production nmust go to predators to
support a reasonable fishery, and if kokanee are the domnant or only
forage available, the use of predators represents a major decline in
potential yield to anglers. Predators should not be used in unproductive
kokanee systens unless the kokanee fishery is of little value and other
forage is avail abl e.
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Appendix A. Mortality schedule for smulations used to estimate kokanee production available to predators.
Mortalities and instantaneous rates were selected to produce equilibrium based on adult sex ratios
of 1:1 and fecundities predicted from adult sizes.

. Low High Prey with
Base Incubation rncubation Growth Growth Selection Exploitation
Fecundity 400 400 400 250 800 400 400
Instantaneous mortality
Egg to emergencea  0.91 .61 0.44 0.91 0.91 0.91 0.91
2.30 .30 .30 .30 2.30 2.30 2.30
Emergence to O+b
0+ to 14 0.70 .47 .86 .40 0.93 0.90 0.70
0.70 .47 .86 .40 0.93 1.10 0.70
1+ to 2+
0.70 .47 .86 .40 0.93 0.10 0.30
2+ to 3+¢
0.00 .00 .00 .40 0.00 0.00 0.40
3+ to 4+
0.00 .00 .00 .00 0.00 0.00 0.40

Exploitationa

Mortality to emergence and to exploitation were not included in estimates of production available to predators.

bATT estimates are to the fall of the year.

All fish were assumed to die with spawning after age 3+ except in the case of low growth where an additional

year was necessary to reach a typical minimum adult size.
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Appendix B. Fall length (mm) and weight (g) at age® for sinulations used to
estimat e kokanee production avail able to predators.

Base H gh Low
Growt h G ow h G owt h

Age Length Wi ght Length Wi ght Length \¢ight
Enmer gence 25 0. 09 25 0. 09 25 0. 09
1 80 1.43 100 6. 00 65 1.43
2 150 24.0 210 75 100 6. 06

3 210 73 300 240 150 23

4 250 130 340 370 190 52

5 .- .- - .- .- .-

®Age noted as fall birthdate (e.g. age 1 fish following first summer in
t he | ake).
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Appendix C. Temperature selection2 assumed for Take trout and chinook salmon in simulations of food
consumption and conversion efficiencies.

Simulation Age 0 Age 1 and older
Date Day chinook Chinook Lake Trout
Jun 1 1 9 9 9
ul 1 30 14 11 y
Aug 1 61 18 11 0
Sep 1 92 18 11 10
oct 1 122 12 11 "
Nov 1 153 10 10 10
Dec 1 183 6 6 6
Jan 1 214 > > 5
Feb 1 245 4 4 4
Mar 1 273 4 4 4
Apr 1 304 5 5 5
May 1 334 6 6 6
May 31 365 ? 9 9

aBased on temperature preferences cited by Stewart and Ibarra (in press) and observed temperatures in
Coeur d'Alene Lake.
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Appendix D. Simulated prey consumption and yield per recruit for lake trout and chinook salmon under varied
growth and exploition. Estimates for chinook are of total prey consumption. Estimates for
lake trout are of total prey consumption and of kokanee only.

CHINOOK SALMON

Fast Growth Slow Growth
Total Total
consumption Yield consumption yield
Exploitation (@) (4)
0.00 20,450 0.0 9,200 0.0
0.13 16,675 504 7,827 247
0.24 13,920 773 6,765 388
0.42 10,352 979 5,363 514
0.62 7,047 1,010 4,012 570
0.80 5,229 992 3,218 604
LAKE TROUT
Fast Growth Slow Growth
Total Kokanee Total Kokanee
Consumption  Consumption Yield Consumption  Consumption Yield
Exploitation (D) @ ()] (9)
0.00 19,640 12,680 0 7,882 3,931 0
0.04 15,849 9,878 228 6,762 3,116 102
0.08 13,140 7,860 358 5,921 2,517 165
0.16 9,666 5,258 472 4,777 1,732 233
0.23 7,643 3,749 503 4,062 1,268 262
0.32 5,518 2,202 499 3,252 790 281
0.48 4,145 1,262 472 2,681 505 287
1-TABLES
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I NTRODUCTI ON

There is probably a wide range in the potential yield of kokanee
Onhcor hynchus nerka fisheries found throughout |1daho and the Pacific Northwest
region (Rieman and Mers 1990a). Fish yield can be influenced by |ake
productivity, kokanee popul ation characteristics, or angling pressure. A summary
of lake productivity, kokanee popul ation characteristics, and creel census
information froma variety of kokanee |akes would provide a better perspective
for nanagenent decisions. If information is standardized and readily avail abl e,
eval uations and conpari sons could be nade to develop nore realistic goals for
i ndi vi dual kokanee systens. These data nay al so be used for enpirical estimators
of potenti al kokanee yield or bionass.

Many estimators of fish yield have been proposed. Methods range from
sinple enpirically-derived indices of fish production to el aborate ecosystem
simulation nodels (Leach et al. 1987). Enpirically-derived estimators of fish
yield include neasures of |ake norphol ogy, water chemstry, biological indices,
and derived ratios such as norphoedaphic index (total dissolved solids/nmean
dept h) .

W hypot hesi zed that potential yield (total weight harvested per |ake
surface area) for kokanee is primarily a function of |ake productivity and,
secondarily, of other physical and biol ogical characteristics of the system
Real i zed yield should be a function of the potential yield and fishing effort
when effort is heavy (Goddard et al. 1987). A nodel of potential kokanee yield
shoul d be possible given enough observations. Realized yield shoul d be possible
by incorporating effort as a variable. To be useful for the manager, the data
required for the nodel nust be easily obtained from normal physical and
bi ol ogi cal inventory. Therefore, we linted our anal yses to those kinds of data.

Qur objectives were:

1. to conpile a standardi zed conput er data base; and,

2. to develop enpirical nodels that would allow the prediction of potenti al
kokanee yield based on the characteristics of the |ake or reservoir of
i nterest.

During the first year of the project, we conducted a region-w de survey
of existing biological and fishery information. V& gathered agency reports and
files to sumari ze data for |daho | akes. W contacted fishery biologists
directly when information was not published in reports. V¢ then standardized
the informati on and summarized it on a conputer data base. W nade a prelininary
anal ysis of |ake productivity neasures and kokanee yield estinmates to define
potential yield estimators. A though the prelimnary analysis showed proni se,
in nmost cases sanple sizes were too snall to confidently describe a relation
between | ake productivity and kokanee yield. During the second year of the
project, we stepped up our efforts to locate nmssing water quality data for |akes
wi th known kokanee yields. Four new | akes were al so added to the data base.
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METHODS

W conpiled information on | ake characteristics, the kokanee popul ati on,
and the fishery fromlakes and reservoirs throughout several western states and
British Colunbia that support kokanee populations (Appendix A). Lake
characteristics include |ake norphometry (surface area, volune, nean, and naxi num
depth) and neasures of productivity (norphoedaphic index (MEl), nean sumer
Secchi depth, total phosphorus, and nean sunmer chlorophyll a). Kokanee
popul ation data include estimates of kokanee abundance and growth, spawni ng
escapenent, and age-at-maturity. Harvest data include yearly estinmates of
kokanee yield, predator yield, and angler effort. The format of all variables
and a sunmary of observations is outlined in Appendi x B.

VW entered MEl into the data base as conductivity/ mean depth rather than
total dissolved solids/mean depth as defined by Ryder (1965). Conductivity is
strongly correlated with total dissolved solids and nay be used in place of total
di ssol ved solids (Hutchinson 1957; Ryder et al. 1974). For literature
comf)arlilsons, we converted our conductivity neasures to total dissolved solids
as foll ows:

TDS = Measured conductivity x 0. 666
1+ 0.02 (cell tenperature - 25)

MEI was then expressed as TDS/ mean depth in meters (Schl esinger and
McCombi e 1983) .

Al data cane fromexisting files and reports or personal communi cati on.
V¢ requested informationdirectly from Montana Departnent of Fish, WIidife, and
Par ks, Washington Departrment of WIldlife, and the Mnistry of Environnent in
British Colunmbia. Data for Oegon, Wah, and Col orado | akes were taken from
published literature and through personal communication. W gathered data for
| daho | akes from exi sting regi onal nmanagenent reports and agency fil es.

In an attenpt to be consistent in our data, we designated several
conventions. V& designated age change at the time of annulus formation in the
spring. Therefore, a fish that was collected in the first sumrer or fall was
age 0+ Likew se, a spawner maturing after the third sumrer or fall was age 2+.
Wen designating age-at-naturity, if spawners were split evenly between two ages
(i.e. 50% spawn at age 3, and 50% spawn at age 4), we listed the predom nate age
as 3.5. V¢ requested tine of sanple (nonth) so length data coul d be standardized
by growth projections. Lengths that we entered into the data base, however, are
the actual neasured lengths (mmtotal length) at the time of collection.

W requested ranges as well as nean val ues for estimtes of spawni ng
escapenent, hatchery suppl enentation, kokanee abundance, harvest, and angler
effort. Wiere possible, nmean estinates reflect the nean of the highest five
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consecutive years of avail able data. The sanple size was noted if | ess than
five consecutive years of data were avail abl e.

Wienever possible, we cal cul ated kokanee yield estimates (kg/hectare/
year) from harvest data (nunber and nean si ze). Wen nean size of fish in the
harvest was given as |length rather than weight, we cal cul ated wei ght using the
| engt h-wei ght rel ationship for kokanee in Pend Oeille Lake.

VW used dBase |1l Plus to set up two data files to store and manage the
information. One data file, Regional.dbf, contains the majority of the
information. W created three report forns that summarize | ake characteristics
(Appendi x C), kokanee popul ati on characteristics (Appendi x D), and kokanee
fishery information (Appendix E) found in Regional.dbf. A second file,
Dsource. dbf, contains the |list of references used and sources of infornmation
(Appendi x F). The sources of information are cross-referenced in Regional . dbf
by nunber.

W summarized the total nunber of observations that were available in each
data field. V& plotted frequency distributions of the |akes sumrarized by total
phosphorus, nean sunmer (My-Septenber) Secchi depth, nmean summer chlorophyl |
a, and kokanee yield for all lakes in the data base where the specific data
wer e avail abl e.

To test our hypothesis that yield is a function of productivity and effort,
we plotted yield against each of four productivity indices. VW& used correlation
and regression analysis to exanmine rel ationshi ps between yield (kg/hectare) and
effort (hour/hectare); between yield and each of the four indices of
productivity; and between effort and each index of productivity. W then
stratified the data by elevation to conpensate for possible differences in
growi ng season. The distribution in elevation of the lakes with yield estimates
had a break in the data at 1,000 m above nean sea level (Figure 1). Correl ations
of yield with M, total phosphorus, chlorophyll ‘a’, and Secchi were conpared
for lakes at altitudes of 51,000 mand >1,000 mwth those fromthe whol e data
set.

RESULTS

The data base includes a total of 78 |akes and reservoirs and 64 data
fields (Appendix B). Very few observations are conplete for all 64 variables.

The 78 lakes and reservoirs that we summarized varied in surface area from
13.4 hectares to 51,039 hectares (Appendix C. Mean depth ranged from3.0 mto
164 m Forty-eight of the | akes are in the state of Washington, 16 are in Idaho, 4
are in Colorado, 3 each are in British Colunbia and Mntana, and 2 each are in
Uah and Gegon. Hevations ranged from4 mto 2,524 mabove mean sea | evel.

Most of the lakes in the data base are relatively unproductive (Figure
2). Total phosphorus ranged from 3 ug/l to 94 lig/l (n = 60). Total phosphorus
levels in 50%of the | akes were below 18 }tg/l. Thirty percent of the | akes had
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Figure 1. Frequency distribution of observations by elevation (m above mean
sea level) for 32 lakes and reservoirs where yield estimates were
available.
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total phosphorus levels <10 pg/l. Secchi depths ranged from 1.0 mto 14.0 m(n
= 73), with 50%betweeen 3.7 mand 7.0 m Chlorophyll '"a values ranged fromO0.5
Mg/l to 15.0 pg/1 (n = 34), with 50%less than 2.5 pg/l.

Kokanee yield estinates were available for 32 |akes and reservoirs (Table
1). Aconplete list of data used in the regression and correlation analyses is
in Table 2. Yield estimates with full census data ranged from 0.023 kg/ hectare
in Alturas Lake, ldaho (Secchi depth = 13.0 n) to 12.741 kg/hectare in Spirit
Lake, ldaho (Secchi depth = 3.9 nm). Fifty percent of the estinates are between
0.017 kg/hectare and 2 kg/hectare (Figure 2). Yield estimates were not avail able
for any of the lakes with concentrations of total phosphorus and chl orophyl
"a' above 50 11g/1 and 6 ug/l, respectively. Four of the 32 yield estinmates
represent either exceptionally |low years or partial estimates (i.e. declines
followng the M. St. Helens eruption or partial seasons) (Table 1). Two of the
32 | akes (Lake Mary Ronan and Island Park Reservoir) were excluded fromthe
anal yses as outliers.

During the first year of the study, we found a strong positive relation
(r =0.85 n =16, P <. 05 between total effort (rod hours/hectare) and kokanee
yield (kg/hectare) (Figure 3). In the second year of the study, sanple size was
al nost doubled (n = 27). W again found a significant but weaker relation (r
= 0.584, P (.05 between total effort and kokanee yield. For some observations,
we were able to determne the percent of effort targeting kokanee. W found
the best correlation with yield with estimated effort targeting kokanee (r =
0.889, P <. 0025). Sanple size was reduced to 17 observations, however, in this
| ast correlation.

W also found significant correlations between yield and i ndexes of |ake
productivity (Figure 3) and between effort and |ake productivity (Table 3).
Regressi on analysis incorporating both effort and a productivity index as
i ndependent variables did not provide any significant inprovenent in single
vari abl e nodel s of yield.

When we divided the |akes by elevation, we found a stronger relation
exi sted between the productivity indices and yield (Table 4). The relation
between MEl and kokanee yield showed the nost marked inprovenent (r = 0.70 for
| akes at <1,000 m above nean sea |level). Sanple sizes for the higher elevation
| akes were very low (n = 5 to 11). The best regression nodels are summarized
in Tabl e 5.

DI SCUSSI ON

Many enpirical nodels relating abiotic and biotic factors to total fish
yield or standing crop of fish have been devel oped (Leach et al. 1987). MH is
a useful tool for predicting potential fish yield among | akes and reservoirs that
have simlar grow ng seasons (Ryder 1965; Jenkins 1967, 1982; Ryder et al. 1974,
Henderson et al. 1973). Hanson and Leggett (1982) found total phosphorus and
nacr o- bent hos bi onass and mean depth to be stronger predictors of total fish
yi el d than nor phoedaphi c i ndex. Qyl esby et al. (1987) predicted walleye yield
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Table 1. Kokanee yield estimates for 32 Tlakes and reservoirs in Idaho, Washington, Oregon, Montana,
Utah, Colorado and British Columbia.

Mean Mean Lake

Tength weight Total surface

in catch 1in catch Number weight (ﬁgfsére) vield
Body of water (mm) harvested (ka) (kg/hectare) comments
Alturas 210 71.85 107 8 339 0.023 1986-87 mean
Anderson Ranch -—- 247.00 33,600 8,299 1,918 4,327 1985 only
Coeur d'Alene 215 77.74 521,517 40,544 12,743 3,182 1979-80 mean
Dworshak 258 143.13 206,976 29,624 6,920 4,281 1988 only
Island Park 330 326.25 158 52 3,153 0,016 winter fishery onlya
Payette 288 206.84 1,276 264 2,160 0,122 1987-88 mean
Pend Oreille 245 120.38 838,460 100,935 38,348 2.632 1958-1962 mean
Priest -—- 140.00 84,131 11,778 9,454 1,246 1968-1970 mean
Redfish 240 112.35 1,400 157 608 0,259 1986-87 mean
Spirit 245 128.10 59,480 7,619 598 12,741 1981 only
stanley 194 55.11 150 g 74 0,112 1986 only
Banks 364 453.02 60,740 27,516 11,008 2,500 7 year mean
Billy Clapp 260 146.88 6,126 900 405 2,222 1978 only
Chelan 285 199.72 6,000 1,198 13,355 0,090 represents decline
Deer 411 680.24 584 397 445 0,893 1938-40 mean
Loon 387 556.15 584 325 457 0,711 1938-40 mean
Merwin 300 327.13 4,693 1,113 1,619 0,687 1978-82 mean
Sammami sh == 442.00 359 159 1,982 0,080 represents decline
vale 305 250.62 10,919 2,737 1,538 1,779 represents decline
Arrow 250 128.80 13,600 1,751 28,000 0,130 5 year mean
Kootenay -—- 90.00 50,000 4,500 38,900 0,116 5 year mean
okanagan -—- 174.00 156,000 27,144 35,112 0,773 1971, 1978-80 mean
Flathead 312 270.00 495,910 134,095 51,039 2,627 1981-82
Mary Ronan 269 164.60 129,625 21,336 602 35,442 1989
Libby/Koocanusa 307 256.17 29,480 7,552 18,160 0,416 1987
Flaming Gorge -—- 623.00 30,294 18,873 17,000 1,110 1985-88
Porcup-ine L 300.00 1,580 474 80 5,925 1979 0n1y
Dillon 276 179.38 67,575 12,121 1,300 9,324 1975-79 mean
Green Mountain 351 401.09 14,200 5,696 850 6,701 1975-79 mean
Granby 317 285.18 58,000 16,541 2,938 5,630 1975-79 mean
odell -—- 230.00 64,000 14,720 1,454 10,124
wallowa 236 106.21 25,982 2,759 610 4,524 1987-90 mean

apartial estimate--excluded from regression analysis.
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Table 2. Characteristics of Takes and fisheries used to examine relationships with kokanee yield.

Total Kokanee
Secchi Total chlorophy11 effort —effort yie1g
Elevation Depth MEI  phosphorus al h ,(ch/ ) (h/ (kg/
Body of water (m) (m) Cconductivity (ua/1) (ua/D €Ctare) hectare) hectare)
Alturas 2140  13.0 49 1.3 9 --- 33.46 - 0.023
Anderson Ranch 1280 3.4 60 2.1 14 4.2 45.13 38.81 4.327
Coeur d'Alene 649 5.0 80 3.3 45 4.0 19.62 18.25 3.182
bworshak 488 4.6 30 0.5 21 4.4 15.71 9.58 4.281
Island Park2 1920 2.6 150 30.0 44 5.7 17.29 -— 0.016
Payette 1524 9.0 20 0.5 6 1.0 8.73 1.13 0.122
Pend Oreille 629 6.5 180 1.1 11 2.0 9.27 6.49 2.632
Priest 652 8.2 50 1.3 4 1.5 6.25 -—— 1.246
Redf i sh 1996  14.0 - 0.5 6 - 23.00  --- 0.259
Spirit 686 3.9 240 22.0 18 5.3 118.02 92.05 12.740
Stanley 1984 11.0 --- --- --= --- 153.05  ----- 0.112
Banks 479 3.0 112 8.3 49 2.6 16.93 14.56 2.500
Billy Clapp 407 2.5 165 8.3 33 -—- 28.42 25.58 2.222
Chelan 339 13.0 50 0.3 3 0.7  --=—= === 0.090
Deer 755 6.3 79 5.0 30 — e s 0.893
Loon 726 6.1 148 10.0 30 mmee= e 0.711
Merwin 73 5.0 _— —_——— _ I 18.05 9.02 0.687
Samnamish 8 4.0 21 3.4 16.85 6.24 0.080
Yale 149 6.0 - -—— 15.49 11.31 1.779
Arrow 441 4.0 120 1.1 4 0.8 0.56 0.19 0.130
Kootenay 530 8.0 125 1.3 6 1.5 3.34 0.84 0.120
okanagan 341 8.9 280 3.7 10 1.6 5.69 2.85 0.773
Flathead 882 7.0 -—- -—- 5 -—- 11.76 9.76 2.627
Mary Ronana 1128 4.5 13.7 . R 59.74 53.77 35.440
Libby/Koocanusa 749 4.0 255 6.7 17 3.0 20.95 20.11  8.596
Flaming Gorge 1841 3.6 710 20.9 30 4.2 19.29 -—- 1.110
Porcupine 1615 2.1 -— -—— -- -—- 183.23  -——-- 5.925
Dillon 2750 - - - - - 161.54  --- 9.324
Green Mountain 2423 - - - -—- - 147.06 - 6.701
2524 - - - - -
Granb 5.0 -—- -—- 46.16 -—- 5.630
ode'l'ly 1459 8.1 29 0.8 > a 107.98 78.82 10.12
walTlowa 1336 11.0 93 1.3 1.9 37.76 - 4.50

aIsland Park and Mary Ronan were excluded from regression analysis.
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Table 3. Correlation coefficients for whole data set. Asterisk denotes significant correlations

(a = 0.05). sample size in parentheses.

Secchi Total ChTorophy11 Total Kokanee
Yield depth MET phosphorus 'a' effort effort
Yield 1.000
Secchi depth -0.370 1.000
(28)
MEI 0.326%* -0.498 1.000
20) 20)
Total
phosphorus 0.099 -0.577% 0.417% 1.000
(@2 QD an
Chlorophyl1'a’' 0.524%* -0.647%* 0.620% 0.550% 1.000
an an (16) a4
Total effort 0.584* -0.051 0.398%* 0.090 0.545%* 1.000
Q@7 25) an 18 (16)
Kokanee effort 0.889* -0.162 0.617% 0.143 0.621% 0.990%* 1.000
an an (13) 13) 13 (18)
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Table 4. Correlation coefficients of four productivity indices with yield using a data stratified by

elevation. Asterick denotes r values at 95% confidence. Sample size in parentheses.

Elevation ATl Elevation

< 1,000 m Observations > 1,000 m

MEI 0.701%* 0.326%* 0.290
a4 20 (6)

Total 0.089 0.099 -0.037
phosphorus (16) D @
secchi depth -0.416* -0.370%* 0.381
(18) (28) an

ChTorophyl1'a’ 0.656%* 0.524% 0.155
a2 an )

Log MEI 0.498%* 0.255 -0.306
s 0 6

Log total 0.221 0.232 -0.289
phosphorus (16) D @)
Log Secchi -0.409* -0.362%* -0.389
Chlorophyl11'a’' (18) (28) (10)
Log Chlorophyll 'a' 0.572 0.508 0.309
(12) an ©)]
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Table 5. Best regression models for yield (kg/hectare) and four measures of productivity.

Beg-ession formula n r2 P

Yield = 0.424 MEI + 0.850 14 0.49 0.002
Log Yield = 1.483 log Chlorophyll - 0.842 17 0.29 0.013
Yield = 1.736 Chlorophy1l - 1.236 12 0.43 0.010
Log Yield = 2.150 - 0.303 sSecchi 28 0.36 0.001
Log Yield = 2.067 - 0.310 Secchi 18 0.32 0.009
Yield = 0.37 total effort + 1.751 27 0.34 0.001

Data set used

elevation <1,000 m
all observations?
elevation <1,000 m
all observations?
elevation <1,000 m

all observation2
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1 1

using chlorophyll "a' concentration as the independent variable. Schlesinger
and McConbi e (1983) found angling effort proved to be the best single independent
variable in predicting yield. Effort and MEl in conbination inproved the
correl ati on.

Lake productivity data that were the nost easily obtained for our data
set were MEl, total phosphorus, nean sumrer chlorophyll a, and nean sunmer
Secchi depth. Measures of macro-benthos biomass are not readily available from
nornmal |ake inventory records. Zoopl ankton bi omass, which would be a nore
| ogi cal choice for use in kokanee | akes because of their close association to
kokanee, also is not readily available. Therefore, neither nacro-benthos or
zoopl ankt on bi onass were considered in our anal ysis.

Mor phoedaphi ¢ | ndex

MEl was originally described as a quick and convenient nethod of estimating
potential fish yield fromlarge north-tenperate |lakes at altitudes <600 m (Ryder
et al. 1974). Since its first description, MEl has been used as a yield or
bi omass estinmator for lakes and reservoirs belonging to several different systens
throughout the world (Jenkins 1967; Ryder et al. 1974). The criteria that Ryder
et al. (1974) set up for the identification of |akes suitable for regression of
yield on MEl are: 1) sinilar climatic conditions, 2) simlar ionic conposition
of dissolved material, 3) proportional flushing rates per unit of |ake vol une,
4) inorganic turbidity on the sane order of magnitude for all |akes, and 5)
noderate to intense fishing effort over several years.

Qur data suggest that MEl can be a useful estimator of potential kokanee
yield in lower elevation (<1,000 n) lakes and reservoirs (r = 0.49; P <0.0025).
Correlations of yield with MEl for the entire data set, however, resulted in a
much lower r2 (0.11). This lower value nay be caused by a violation of Ryder's
criteria for the use of MEl when it is applied to the entire range of our data
set. Careful consideration of climate or grow ng season, ionic content of the
water, and exploitation levels may lead to nore accurate use of MEl as a
predi ctor.

Wien we plotted MEl (expressed as TDS/ mean depth in n) and kokanee yield
for lakes <1,000 mwith other ME -fish yield relations found in the literature
(Matuszek 1978; Schl esinger and MConbi e 1983), we found lIdaho |akes had simlar
yields relative to MEl (Figure 4). The slope of our regression |ine (not shown)
is steeper than either of the two lines, probably because our sanple size is
small (n = 14). Qur data also represents sone |akes which were not fully
exploited. A larger sanple size with consideration of effort and MEl in
conbi nati on may explain this variation.
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Figure 4. Comparison of MEI and kokanee yield estimates for the Idaho data

set, lakes at s1000 m, with MEI and total fish yield estimates
found in the literature.
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Tot al Phosphorus

Qur data show total phosphorus to be a poor predictor of fish yield in al

i nstances. The rel ati on between phosphorus and chlorophyll '.a" can be highly
variabl e (Hoyer and Jones 1983). Confidence limts associated wth predictions
of chlorophyll from total phosphorus are wide (Dillon and Rigler 1974).
I norgani ¢ suspended solids, |ake flushing rates, and zoopl ankton conmunity
structure have been cited for causes of variation in the total phosphorus-
chlorophyll relation' (Qylesby 1977; Hoyer and Jones 1983; Pace 1984; Ednundson
and Koeni ngs 1986; Ostrofsky and R gler 1987). The use of total phosphorus al one
as a predictor of potential yield nay be inappropriate in situations where a
| arge amount of the total phosphorus consists of biologically unavail able
phosphorus that is adsorbed to soil particles (Qgl esby 1977). Edmundson and
Koeni ngs (1986) found that dissolved phosphorus (biologically available) |evels
ranged froma | ow of 9% of the total phosphorus in highly turbid systens (40 NTU)
to 56% in lakes with low turbidity (NTU <10). H gh flushing rates may be
responsi bl e for renoving phytopl ankton fromthe system before they reach their
maxi mum | evel (Qyl esby 1977; Hoyer and Jones 1983). Fushing rates in our data
ranged from0.02 to 11 years in |akes where yield data were avail able. Large
zoopl ankton filter algae at a nuch nore efficient rate than snall zoopl ankt on
(Shapiro 1980). MIls and Schiavone (1982) found zoopl ankton size was rel ated
negatively to chlorophyll "a . Lakes domnated by |arge zoopl ankton shoul d have
| ess chlorophyl|l per unit total phosphorus than |akes dom nated by small
zoopl ankt on (Pace 1984).

Chl orophyl | "a

VW found a significant positive relation between chlorophyll and kokanee
yield (r? = 0.430, P <0.05) for lakes <1,000 m Qylesby et al. (1987) found
regression of walleye and total fish yield on mean grow ng season chl orophyl
"a' concentration indicated strong positive correlations (r? = 0.81 and 0.73,
respectively). Jones and Hoyer (1982) also found significant relati on between
chlorophyll and fish yield in mdwestern | akes and reservoirs. These systens
were much nore productive than those in the Idaho study (mean chl orophyll 'a'
=28 ug/l). In our regression analysis, chlorophyll '"a values ranged from0.7 to
5.7 ug/l.

Chlorophyll 'a concentration is closer trophically to kokanee than tota
phosphorus; it should, therefore, prove to be a better overall indicator of
potential yield. Chlorophyll '"a is nore difficult and costly to neasure than
either MEl or Secchi transparency. Conparisons with other |akes or reservoirs
is difficult because chlorophyll levels in our sanple |akes are extremely |ow
conpared to those reported in the literature. Chlorophyll data from nore
productive |akes than those that dom nated our observation mght inprove the
rel ati onship.
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Mean Summer Secchi Depth

Mean summer Secchi depth is the variable nost easily obtained (n = 28).
Secchi transparency showed significant inverse relationships with MEl, total
phosphorus and chlorophyll 'a', and a relationship with kokanee yield (r? = -
0.36; P <0.001). Kokanee growth is related to |ake productivity as expressed
by Secchi transparency or chlorophyll 'a' (R eman and Myers 1990b). Because
Secchi transparency correlates well with other productivity indices and with
kokanee growth, it should be a good choice as an overall indicator. A |arger
sanpl e size, however, is needed to nmore accurately describe its relationship to
kokanee yi el d. Again, nore observations fromnore productive | akes may hel p.

Effort

Effort undoubtedly has a large influence on kokanee yield and nay explain
much of the variability in our relationships of productivity and yield. The
positive relation between effort and yield was sinmlar to that found for other
fishes (Jenkins and Mrias 1971; Schlesinger and MConbi e 1983; and (oddard et
al. 1987). Effort also correlated strongly with MEl and chlorophyll "a'.
Separation of lake productivity and angling effort is difficult. If angling
effort is responsive to success or failure, then observed effort, rather than
observed yield, will tend to correlate with the basic productivity of the
popul ation (Goddard et al. 1987). Miltiple regressions or analysis of covariance
i ncorporating both productivity and effort, however, did not prove to be useful
in our case. The observations may be too limited in range and nunber to
ef fectively incorporate both variabl es.

SUVMMARY AND CONCLUSI ONS

V¢ have summarized a substantial anount of information on kokanee fisheries
in a formaccessible for kokanee managenent. The rel ations we found between |ake
productivity measures and fish yield show promse for their use in devel opi ng
predictive tools for kokanee populations in the northwest. Mst observations,
however, are inconplete. Conplete yield and productivity infornation are limted
to lakes of low or internediate productivity. In sone cases, literature
conparisons are difficult because our data set is conposed nostly of oligotrophic
systens. Many enpirically derived estimators of fish yield found in the
literature are based on nmuch nore productive | akes and reservoirs.

MEl and chlorophyll "a are the best individual estinmators of potential
kokanee yield. Effort appears to be the nmost inportant factor in deternining
actual yield. Incorporation of both productivity and effort in a multiple
regression to predict actual yield was not successful. Colinearity between
productivity and effort nay conplicate the analysis. Qher factors may al so be
inportant. Environnental limtations, or the presence of predator or conpetitive
speci es probably affect yield. Stocking rates al so vary anong | akes. G ven
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this,

the upper limts of our points rmay best represent the potential of a

system For lakes with yields substantially below the potential s suggested here,
nmanagers should exam ne alternative explanations for |ow yields. Lakes with
fishing effort I ess than 80 rod hours/hectare nay be underexpl oit ed.

The rel ationships we found between |ake productivity and kokanee yield show

promise for their use in devel oping a val uable tool for the managenent of fish
in Idaho. More useful enpirical nmodels will require observations over a w der
range of |ake productivity. Mre observations nay also allow the incorporation
of several independent variables such as flushing rates, stocking rates,
turbidity, and |length of grow ng season.

RECOVMVENDATI ONS

1. Long-term nonitoring and inventory of kokanee fisheries should
i nclude chlorophyll a, Secchi depth, M, and fishing effort as the
best potential predictors of kokanee yield. The use of phosphorous
concentrations may be confounded by variation in the biol ogically avail abl e
form flushing rate, and zoopl ankt on conmunity structure.

2. The observations summarized in this report are too few or inconplete to
incorporate these variables in a predictive nodel. Mre (and nore
conpl ete) observations should include estimtes of kokanee yield, total
effort, and the parameters discussed in Recommendation 1 for any new
inventory of a fishery whenever possible.

3. The upper |limts of vyields observed in our [|akes should be
considered the upper limts of potential yield for |akes of conparable
productivity (Table 1). In the absence of mnore conplete infornation, the
data summarized here can provide a perspective for kokanee fisheries
managenent goal s.

RBDTEXT

61



ACKNOWLEDGMENTS

Several people were instrumental in conpiling the information for the
regional data base. Steve Jackson and Eric Hagen, Washington Departnment of
Wldlife, and Bruce Sheperd and WT. Wstover, British Colunbia Mnistry of
Envi ronment, each contributed substantial information to the data base. Stan
Alen provided consultation on dBase structure and dBase-rel ated probl ens.

RBDTEXT

62



LITERATURE CITED

Dllon, P.J. and F.H Rigler. 1974. The phosphorus-chlorophyll relationship
in | akes. Limmol ogy and Oceanography 19:767-773.

Edmundson, J. A and J.P. Koenings. 1986. The effects of glacial silt on prinary
production, through altered |ight reginmes and phosphorus levels, in A aska
| akes. Al aska Departnment of Fish and Gane, Division of Fisheries
Rehabi l i tati on, Enhancenent and Devel oprment. Number 68. Juneau.

Goddard, C1l., D H Loftus, J.A MclLean, DDH Qver, and B.J. Shuter. 1987.
Eval uation of the effects of fish community structure on observed vyields
of lake trout Sal velinus namavcush. Canadi an Journal of Fisheries and
Aquati c Sciences 44:239-248.

Hanson, J.M and WC Leggett. 1982. Enpirical prediction of fish biomass and
yi el d. Canadi an Journal of Fisheries and Aquatic Sci ences 39: 257- 263.

Henderson, HF., RA Ryder, and AW Kudhongania. 1973. Assessing fishery
potentials of |lakes and reservoirs. Journal of the Fisheries Research
Board of Canada 30: 2000-2009.

Hoyer, MV. and J.R Jones. 1983. Factors affecting the relation between
phosphorus and chlorophyll 'a in Mdwestern reservoirs. Canadi an Jour nal
of Fisheries and Aquatic Sciences 40:192-199.

Hut chinson, GE 1957. A treatise on limology. John Wley and Sons, Inc.
New Yor K.

Jenkins, R M 1967. The influence of sonme environmental factors on standing
crop and harvest of fishes in US reservoirs. Pages 298-321 in Reservoir
Fi shery Resources Synposium Southern D vision, American Fisheries
Soci ety. Athens, Georgia.

Jenkins, R M 1982. The norphoedaphic index and reservoir fish production.
Transactions of the American Fisheries Society 111:133-140.

Jenkins, RM and D.I. Mrais. 1971. Reservoir sport fishing effort and harvest
in relation to environnental variables. Pages 371-384 In GE Hall,
editor, Reservoir Fisheries and Limol ogy. Anerican Fisheries Society
Speci al Publication No. 8. Washington D.C.

Jones, J.R and MV. Hoyer. 1982. Sportfish harvest predicted by sunmmer
chl orophyll-a concentrations in midwestern |akes and reservoirs.
Transactions of the American Fisheries Society 111:176-179.

RBDTEXT

63



Leach, J.H, L.M Dickie, BJ. Shuter, U Borgmann, J. Hyman, and W Lysack.
1987. A review of methods for prediction of potential fish production wth
application to the Geat Lakes and Lake Wnni peg. Canadi an Journal of
Fi sheries and Aquatic Sciences 44: 471-485.

Mat uszek, J.E. 1978. Enpirical predictions of fish yields of large North
Anerican | akes. Transactions of the American Fisheries Society 107: 385-

394.

MIls, EL and A Shiavone, Jr. 1982. Evaluation of fish comrunities through
assessnent of zooplankton popul ati ons and neasures of |ake productivity.
North American Journal of Fisheries Managenent 2:14-27.

gl esby, R T. 1977. Phytopl ankton summer standing crop and annual productivity
as functions of phosphorus | oadi ng and various physical factors. Journal
of the Fisheries Research Board of Canada 34:2255-2270.

gl esby, RT., J.H Leach, and J. Forney. 1987. Potential Stizostedion yield
as a function of chlorophyll concentration with special reference to Lake

Eri e. Canadi an Journal of Fisheries and Aquatic Sciences 44:166- 170.

Gstrofsky, ML. and F.H R gler. 1987. Chlorophyll-phosphorus relationships
for subartic |akes in western Canada. Canadi an Journal of Fisheries and
Aquati c Sciences 44:775- 781.

Pace, ML. 1984. Zooplankton comunity structure, but not bionass, influences
t he phosphorus-chl orophyl | "a rel ationship. Canadian Journal of Fisheries
and Aquatic Sciences 41:1089- 1096.

Rieman, B.E. and D. Myers. 1990a. Density-dependent growh and productivity
of the rearing |ake or reservoir. ldaho Departnent of Fish and Gane, Job
Performance Report, Project No. F73-R-12, Subproject |, Study |, Job I.
Boi se.

Ri eman, B.E. and D. Myers. 1990b. Influence of density on potential vyield:
predi ction of stocking rates. |daho Departnent of Fish and Gane, Job
Performance Report, Project No. F73-R 12, Subproject |I, Study Il, Job
1. Boise.

Ryder, R A 1965. A nethod for estimating the potential fish production of
Nort h-tenperate | akes. Transactions of the American Fisheries Society
94: 214- 218.

Ryder, RA, S R Kerr, KH Loftus, and HA Regier. 1974. The norphoedaphic

index, a fish yield estimator - review and eval uation. Journal of the
Fi sheri es Research Board of Canada 31: 663- 688.

RBDTEXT

64



Schl esinger, D.A. and AM MConbie. 1983. An evaluation of clinatic,
nor phoedaphi c, and effort data as predictors of yields from Otario sport

fisheries. Ontario Fisheries Technical Report Series No. 10. Maple,
Ontario.

Shapiro, J. 1980. The inportance of trophic-level interactions to the
abundances and species conposition of algae in |akes. Pages 105-116 In

J. Barcia and L.R Mir (editors), Hypertrophic ecosystens. Junk, The
Hague, Net herl ands.

RBDTEXT

65



APPENDICES

2- APPS

66



Appendi x A Summary forns used for data coll ection.

2- APPS

67



LARE CHARACTERISTICS:

Elevation, (meters above sea level): Latitude:

Drainage Basin Area (sq.km): - Maximum Depth (m):
Lake Surface Area at Full Pool (ha): Mean Depth (m):

Shoreline Length (km): - Volume:
Theoretical Flushing Rate (lake volume/mean annual outflow):
Mean Depth of Thermocline (top of thermocline) in August:
Total Phosphorus at Spring Overturn, Expressed as P (ug/l):
TDS (mg/1): OR  Conductance (umhos/cmt at 25°C):
( orophyll “a” (ug/l):
{(mean) (range) (sampling period for mean,

i.e., annual, May-Sept.)

Secchi Depth (m):
(mean) (range) (sampling period for mean,

i.e., annual, May-Sept.)

CORIENTS: (incl other observations that can help define productivity or trophic status,
i.e., 4 estimates, oxygen deficits, common algal blooms, winter kill)

MAJOR PERTURBATIONS TO THE SYSTRM:
Phveical

Drawdosms (annual range in meters):

Month(e) largest reduction in lake surface elevation occurs:

( ENTS: (other major perturbations or problems: dame on tributaries, blocked spawning
habitat, entrainment of fish via water release points, or other important
changes and relative significance of the problem)
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Biological
Mysis (Y/N): Year Myeis Introduced: -

i

Density Range (ﬁ/mz): Year Obviously Established:

COMMENTS: (other biological perturbations, macrophytes (milfoil), other invertebrates
(common name), cultural eutrophication, ...)

KCEANEE POPULATION:

Introduced or Native: Year lst Introduced
Source lake if introduced (original native stock if known):
Predomi . . Fiah:

Fish that spawn after the third summer are considered to be age 2+
If split evenly between two ages, i.e. 3 and 4, list as 3.5.

Range: Dominant:
Peak spawning time (mode of temporal distribution):

L.zr.h..a&.ﬂze:

Note method of estimate (scale back calculation, otolith, length frequency).

If length does not represent size-at-annulus formation, note the month of sample

and place a plus (+) after the age (i.e., during first summer/fall, age = 0+4);

Range is for all fish in all years.

Method of Estimate: Month of Sample:
Length (mm)

Age . Mean Range . Mean of all yrs.

month(s)

I

II

I1I
v :
V+ & olderg
Spawners :

COMMENTS: (obvious density dependence, differences in growth between males and females)
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Abundance:

Popul ati on nunber or density (no/ha). For "Mean of 5 years" give mean of
hi ghest 5 consecutive years. If less than 5 consecutive years are avail abl e,
note the sanpl e si ze.

Total MNunber: Range: Mean of 5 years:

Met hod of Estimate (traw, acoustics...):

Total Adult Nunber (escaperent plus harvest of nature fish):

Range: Mean of 5 years:

Met hod(s) of Estimates

COMMENTS:

Managenent : Nunber stocked. For "Mean of 5 years" give mean of highest 5 consecutive

years. If less than 5 consecutive years of data are available, note the
sanpl e size. For "Time of release" give nonth targeted for peak rel ease. For
"Percent contribution" give the percent of the popul ation from hat chery
production in years of maxi mumhatchery rel ease.

Nunber stocked annual | y: Range: Mean of 5 yrs.:

Size at release (nMm): Range: Mean:

Tine of rel ease (nonth):

Contribution of hatchery vs. wild (%:

COMMENTS: (special managenent, research, or fishery devel opnent prograns -
i nclude such things as long termmonitoring, fertilization, and
experinental releases ...)
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FISH COMMUNITY

2 Speci es (Common Narre) :

COMMENTS: (estinmates of escapenent or density, relative inportance of
predator, relative effect on kokanee...)

QG her Fish: List all species (common nare):

COMMENTS: (rel ative abundance, estimates of density, interaction with
kokanee. . .)

FI SHERY

Total Angler Hfort: (Rod hours/year) estimated hours for a full season. For "Mean of 5
years" give nean of highest 5 consecutive years. If less than 5
consecutive years of data are available, note the sanple size.

Range:

Mean of 5 Years:

OCOMMENTS: (Note if census does not represent all angler effort or full
season - if estimate is in days, provide an estinate of the
length of an angl er day).
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Percent Effort

Tar geti ng Kokanee:

(What percent of the total estimated effort is by anglers specifically

f

Catch Rates:

targeti ng kokanee?) For "Mean of 5 years" give highest 5 consecutive
years. If less than 5 consecutive years of data are avail able, note
sanpl e si ze.

Range: Mean of 5 Years:

COMVENTS :

(preferably fish per rod hour; if by rod day, provide an estinate

Kokanee Har vest :

of the length of a day)

Seer nean: Annual nean:

Primary Met hod:
(traw, handlines, other)

COMMENTS:

Total number of fish in the catch of all fishernen for the whol e | ake.

For "Mean of 5 years" give highest 5 consecutive years. If leas than 5
consecutive years of data are avail able, notesanple size. For
"Mean size in catch" provide the nmean weight of fish in catch during
t he above peri od.

Range:

Mean of 5 Years:

Mean Size in Catch (g):

COMMVENTS: (peak season, methods, causes of variability,
Il ong termdeclines...)
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Predator Harvest:.: Total nunber of fish in the catch of all fishernen for the whol e | ake.
For "Mean of 5 years" give high.=st 5 cons utive years. |f |ess than
consecutive years of data are avail able, note sanple size. For "Mean
size in catch" provide the mean wei ght of fish in catch during the
above 5 years.

Range:

Mean of 5 Years:

Mean Size in Catch (Q):

COMMENTS: (peak season, nethods; causes of variability, long term
declines ...)

REGULATI ONS

Seasons:

Daily Bag Linits:

COMMENTS:

KEY REFERENCE(S) FOR TH S LAKE

Per son: phone:

Publ i cation(s) or Report(s):

| NFORVATI ON SUMVARI ZED BY:
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Appendi x B. Data structure for regional . dbf.
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DATA STRUCTURE FOR DATABASE: REG ONAL. DBF

W DTH DEC

FI ELD FI ELD
NAVE TYPE

WATER CHARACTER
CODE CHARACTER
STATE CHARACTER
Ier? CHARACTER
LATI TUDE  CHARACTER
DRAI NAGE  CHARACTER
SA CHARACTER
SHORELI NE  CHARACTER
MAI DEPTH  CHARACTER
MEANDEPTH  CHARACTER
VOLUMVE CHARACTER
FLUSHRATE ~ CHARACTER
THERMOCLI N CHARACTER
NI CHARACTER
P CHARACTER
CONDUCT CHARACTER
CHLORS CHARACTER
SI CCHI CHARACTER
DOOAN CHARACTER
DOWNI OS CHARACTER
TRIBOANS  CHARACTER
NYSI S CHARACTER
NYSI SS CHARACTER
MYSI S L CHARACTER
MYSI SSS?  CHARACTER
KOKSOURCE ~ CHARACTER
SPAWNIOS  CHARACTER
AG JATURH  CHARACTER
LN 0 CHARACTER
LNI CHARACTER
LN | CHARACTER
0 _111 CHARACTER
LM IV CHARACTER
MONTH CHARACTER
[[UPON  CHARACTER
| SCAPSI CHARACTER
ESCAPSO CHARACTER
ESCAP_I | AN CHARACTER
ESCAPJTB  CHARACTER
TRI B SPAWN CHARACTER
STOCKI DH  CHARACTER
STOCKEDI , O CHARACTER
STOCKEDT ~ CHARACTER
STOCI TIME CHARACTER
HATCHERY C CHARACTER

=
(92}

ga A A W W WN OO OO Ul 0o N~ NDd

D OO WO W W W W W w

=
N O

10

N

DESCRI PTI ON OF DATA

LAKE NANE

LAZE MANE CODE FOR USE | N SYSTAT
STATE

ELEVATI ON (M TERS)

LATI TUDE

DRAI NAGE BASI N ARI A ( KN2)
SURFACE AREA (HA)

SHORELI NE LENGTH ( | N)

MAXI MUM DEPTH (N)

MEAN DEPTH (M

VOLUME (ACRE FLIT)

FLUSH RATE (YR)

TOP OF THERMOCLINE (N)
MORPHOEDAPHI C | NDEX

TOTAL PHOSPHORUS (UG L)

CONDUCTI VI TY

CHLOROPHYLL "A" (UG L)

SECCHI  DEPTH (M

ANNUAL MEAN DRAW DOWN (M
MONTH(S) OF DRAVDOMN

DINS ON TRI BUTARI ES (Y/N)

MYSI S PRESENT (Y/ N)

MYSI S ABUNDANCE (RANGE - HI GH)
MYSI S ABUNDANCE (RANGE - LOW
YEAR MYSI S ESTABLI SHED

SOURCE OF KOKANEE

PEAK SPAWNI NG MONTHS

AGE AT MATURITY (.5 IF SPLIT)
MEAN LENGTH AT AGE 0+ (MN)

MEAN LENGTH AT AGE If (MN)

MEAN LENGTH AT AGE |1+ (NM

MEAN LENGTH AT AGE |11+ (M)
MEAN LENGTH AT AGE |V+ (M)
MONTH OF SAMPLE FOR LENGTH AT AGE
MEAN LENGTH OF SPAWKERS (MN)
ESCAPEMENT TO SPAWN (RANGE - HI GH)
ESCAPEMENT TO SPAWN ( RANGE - LOW
ESCAPEMENT TO SPAWN ( NEAN)
METHOD FOR ESTI MATI NG ESCAPENENT
PERCENT TRI BUTARY SPAWNERS

NUMBER STOCKED PER YEAR (RANGE - HI GH)
NUMBER STOCKED PER YEAR (RANGE - LOW

NUMBER STOCKED PER YEAR ( MEAN)
MONTH STOCKED
PERCENT HATCHERY CONTRI BUTI ON

75

NUMBER OF
OBSERVATI ONS

78
78
78
78
69
69
78
68
74
78
76
47
46
62
60
63
34
73
30
21

19
70

53
22
23

16

27

23
12

)

20
16
20
27



FI ELD FI ELD NUMBER CF
NAVE TYPE WDTH DEC DESCRI PTI ON OF DATA OBSERVATI ONS
NOSOLANEE ~ CHARACTER 3 MEAN LOLANEE ABUNDANCE ( NQ' HA) 14
NOSOLHI  CHARACTER 4 KOKANEE ABUNDANCE (NO/HA) (RANGE - HI GH) 12
NOSO . LO  CHARACTER KOKANEE ABUNDANCE (NO'HA) (RANGE - LOW 12
PREDATORS  KENO 10 PREDATOR SPECI ES

SPECI ES RENO 10 SPECI ES COVPOSI TI ON

EFFORT CHARACTER 6 TOTAL FI SH NG EFFORT (ROD HOURS) 28
EFFORTHI CHARACTER 6 TOTAL FI SH NG EFFORT (RANGE - HI GH) 7
EFFORT_10 CHARACTER 6 TOTAL FI SH NG EFFORT (RANGE - LOW 7
EFFORTSOL  CHARACTER 2 PERCENT OF EFFORT TARGETI NG KOKANEE 19
YIELDSOL  CHARACTER 6 3 KOKANEE YI ELD (KG HA) 32
HARVESTS  CHARACTER 6 MEAN NUMBER OF KOKANEE HARVESTED 33
HARVEST HI CHARACTER 6 NUMBER OF KOKANEE HARVESTED (RANGE - HIGH) 7
HARVEST_LO CHARACTER 6 NUVBER OF KOKANEE HARVESTED (RANGE - LOW 7
LOL SIZE  CHARACTER 3 MEAN SI ZE OF KOKANEE | N THE CATCH (Q 32
PHARVEST  CHARACTER 6 MEAN NUMBER OF PREDATCR SPECI ES HARVESTED 13
P _SIZE CHARACTER 4 MEAN SI ZE OF PREDATOR | N THE CATCH (Q

YI ELD_PRED CHARACTER 6 3 PREDATOR YI ELD ( KG HA)

REG MEMD 10 REGULATI ONS

REFJO CHARACTER 42 CROSS REFERENCE TO | NFORMATI ON SOURCE 78

76



Appendi x C Sunmary report of |ake characteristics.
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8.

Page No. 1

02/13/91

REGIONAL DATA BRASE

LAKE CHARACTERISTICS
BODY OF DRALM SURFACE SHORE HAX HEAN FLUSH THERNO- TOTAL CHLOR SECCHI DRAM
HATER ST LAT ELEV ARER AREA LENGTH DEPTH DEPTH VOLUME RATE CLINE PHOS. COND “R" DEPTH DONN HYS MEI

;)] (KH2> CHRD KHD ((, )] (€, ] (RCFT (YR (4D wer/L) w6y b H Y/N

¢ BC
KOOTENRY BC 494000 530 45584.0 38900.0 - 154.0 34.0 ——— 1.800 20 —— 125 1.5 8.0 5.00 ¥ 0.3
OKANAGAN BC 495200 341 6040.0 35112.0 2v0.0 2492.0 6.0 19941634 —-— 15 10 280 1.9 8.3 1.00 ¥ 3.7
UPPER RARRONW BC S00000 441 ~~=~= 286000.0 113.0 293.0 107.0 —— 3.800 15 4 105 0.8 1.0 21.00 ¢ 1.0
%% CO
DILLON RES. coO - 2750 ——— 1300.0 — 60.0 23.0 248270 - - —_— ——— —— e 6.00 —_—
GRANBY cC0 - 2524 1023.0 2938.0 €1.4 61.0 22.6 544632 —-— 10 14 —-— ——— 5.0 28.60 Y -
GREEN HOUNTAIN co0 - 2423 —— 850.0 ——— — 22.0 154660 —-— - — -— ——— ———- 18.00 ——
SHADOH MOUNTRIN CO ———-- 2551 1023.0 749.0 - - 3.0 18431 -—= 3 23 —— —— 4.3 —_—- ——
%% 10
ALTURAS ID 435500 2140 85.0 339.0 8.0 67.0 38.0 - 144 —— 7 9 49 —— 13.0 ———- N 1.3
ANDERSON RANCH 1D 432330 12060 2536.0 1918.0 7.0 67.0 29.8 493000 0.657 6 14 60 1.2 3.4 19.00 N 2.0
COEUR D°ALENE ID 474000 649 9576.0 12743.0 202.0 61.0 24.0 24979183 0.550 22 45 80 4.0 5.0 2.00 N 3.3
DEADHOOD ID 441930 1618 290.0 1295.0 17.0 30.0 15.0 160600 0.910 7 30 ar 9.9 1.3 ——= 2.5
DHORSHAK ID 463000 488 6315.0 6920.0 282.0 192.0 62.0 3460000 0.7390 S 21 30 1.4 4.6 47.00 0.5
ISLAND PARK ID 4492400 1920 ———— 3153.0 @0.0 22.0 5.0 127269 0.280 6 —— 150 5.7 4.5 -——-= N 30.
LUCKY PERK ID 433200 933 6547.0 1153.0 €6.0 64.0 24.4 228060 0.100 4 —-— 70 2.5 S.0 ———= N 2.9
HACKAY ID 435700 1847 1892.0 542.0 12.0 ——— 10.0 43936 0.490 9 3 219 1.3 4.5 -— N 21.
PALISRDES ID 431700 1713 13478.0 6515.0 107.0 32.0 26.5 1400000 0.290 12 39 220 1.5 3.5 ———- N 8.3
PAYETTE ID 445730 1524 373.0 2160.0 38.0 95.0 35.0 612840 2.320 S 6 20 1.0 9.0 -——= N 0.6
PEND OREILLE ID 480730 629 59265.0 38348.0 310.0 351.0 164.0 50987714 2.740 15 11 180 2.0 6.5 4.00 ¢ 1.1
PRIEST LRKE ID 483100 652 1480.0 9454.0 109.0 112.0 38.0 2912224 3.120 4 4 S0 1.5 8.2 1.00 ¥ 1.3
REDFISH LAKE ID 440700 1996 103.0 608.0 15.0 89.0 46.0 226718 —— b 3 —— — 14.0 ---- N -
SPIRIT LAKE ID 475630 686 125.0 598.0 21.0 27.0 10.9 52853 ——— 8 18 240 5.3 3.9 ——— 22.
STANLEY ID 431400 1984 38.0 v4.0 4.0 2¢.0 15.0 9160 - ? - —— ——— 11.0 —— —
UPPER PRIEST ID 484600 744 1481.0 567.0 14.0 30.0 12.0 55155 ——— 4 6 100 2.9 6.0 -—— Y 8.3
% MNT
FLATHEARD LAKE - 882 18400.0 S1039.0 200.0 113.0 32.5 13448210 2.200 10 5.4 —— —— 7.0 3.00 ¥ -
LIBBY/KOOCANUSA HT 490000 741 23491 18160 360 113 38.4 4711013 0.670 20 18 230 2.5 1.0 33 N 5.9
HARY ROMNAN HT 475500 1128 83.6 602.0 11.0 14.3 9.0 45431 0.057 8 — 123 ——— 4.5 1.00 N 13.
%% OR
ODELL oR - 1459 ——— 1454.0 ——— 86.0 41.0 4889802 —— 12 —_— 32 2.3 8.1 ———— N 0.7
HALLOKA LAKE OR 452006 1336 126.0 610.0 13.2 91 49 243500 2.500 14 .0S 93 1.9 11.0 -— ¥ 1.3
xx UT
FLAMING GORGE ur 405400 1841 38971.3 13°¢v8.0 - 153.0 33.9 3783246 2.300 - 30 710 4.2 3.6 ——— 21.
PORCUPINE ur - 1615 91.0 80.0 -— 42.4 20.1 13190 — -— ——— —— ——— 2.1 -——= N -
%% WA
ALDER LAKE HA 464809 368 v40.7 1254.6 45.1 8O.4 22.9 230000 ——— - 29 10 —_—— 3.0 ---- N 1.7
AHERICAN LAKE HA 470630 72 65.8 445.2 19.3 7.4 16.2 60000 ——— s 90 as — 5.4 ---- N 5.9



6.

Page No. 2

02/13/91
REGIONAL DATA BRSE
LAKE CHARACTERISTICS
BODY OF DRAIN  SURFACE SHORE MAX  MERN FLUSH  THERMD- TOTAL CHLOR  SECCHI DRAH
HATER ST LAT ELEV AREA AREA LENGTH DEPTH DEPTH VOLUME  RATE CLINE PHOS. COND  “R" DEPTH  DOWN
kM) CHRD CKHD [ D CACFT) YR) ) We/LD We/> M )
ANGLE LAKE MA 472530 111 2.1 40.5 3.5 15.8 7.6 2600 — e 46 - J— 4.9 ——
BAKER LAKE HA 483858 221 557.0 2017.4 --—- -~~~ 43,7 220600 —— - _— m— e LD 15.20
BANKS LAKE WA 473703 479 ---- 11008.0 131.S  52.0 13.5 1300000 0.480 24 19 112 2.6 3.0 1.60
BILLY CLAPP L. WA 472654 407 ---~  405.0 22.5 33.5 19.8 €5000 0.020 ~- 33 165  ——-o 2.5 _—
BONAPARTE LAKE WA 484735 1084 18.1 6.8 9.1  33.6 10.1 5500 e S0 225 —me- v —
BUMPING LAKE WA 465200 1045 -——~  S26.0 ---  36.8 11.2 47687 0.450 9 73 40 0.8 4.7 6.10
CASCADE LAKE WA 483850 105 8.9 €8.8 S.1  21.3 8.2 4600 —_ - 6 80 - 6.1 -
CAVANAH WA 481950 307 13.1  323.8 12.2 24.4 13.4 36000 -— 8 —— M - 4.6 —
CHAIN LAKE WA 480305 S88 195.3 35.6 8.3  39.7 10.1 2900 —— - 43 523 ———- 4.9 ——
CHAPHAN LAKE WA 472123 657 125.6 60.7 9.0 48.8 =20.1 9900 — - 32 240 ———- 1.0 —
CHELAN LAKE HA 475004 333  2393.2 13354.9 175.7 453.0 144.0 15607392 11.000 35 3 50 8.7 13.0 7.00
CLE ELUM LAKE  MA 471443 678 525.8 1948.0 32.2 101.5 44.5 702816 1.040 12 15 57 0.8 8.9 16.30
CLEAR LAKE WA 465533 237 1.1 64.7 3.4 25.9 11.6 61000 -— 8 9 52 o~ 8.3 i
COOPER LAKE WA 472516  B50 72.3 2.6 5.0 15.0 6.4 2600 —— - S 15— 9.2 —-
DAVIS LAKE WA 481352 664 “.1 0.1 4.3 45.8 25.3 13000 — - 1? 85  ~— 31 ——
DEEP LAKE-GRANT WA 473518 376 3.0 44.0 8.8 36.6 22.3 7800 —— - -— 290 - 1.8 —
DEEP LAKE-KING WA  ~——-- 235 10.2 15.0 2.1 22.6 10.1 1200 — - 15 [T — 1.6 —
DEER LAKE WA 480628 755 47.1 445.2 22.3 22.9 15.9 57000 S.940 13 30 79 - 6.3 —
EASTON LAKE WA 471429 §65 186.9 97.1 6.5 12.2 5.2 4000 _— - s D J— 4.9 —
KACHEES LAKE WA 471553 687 165.5 1516.0 62.2 131.3 66.4  B18616 3.890 14 1 a7 0.5 8.5 7.30
KEECHELUS LAKE WA 471920 768 141.7 1039.0 24.0  98.7 37.4 313973 1.400 8 33 44 2.0 6.8 16.40
LOON LAKE WA 480320 726 3.7 457.3 20.5 30.5 14.0 51500 - 10 30 1 |- J— 6.1 ——
LOST LAKE WA 471953 924 7.7 8.8 5.0 51.9 21.7 12000 — - 3 20 - 10.4 —-
HERIDIAN LAKE WA 472130 113 2.6 0.7 4.0 27.4 12.4 648 _—— - 70 78 3.2 q.1 ———-
HERMIN LAKE WA 455726 73 1890.7 1618.8 S1.5 S57.9 30.5 404552 0.120 9 — SR — 5.0 3.00
MOUNTAIN LAKE WA 483901 278 5.9 72.8 6.8 42.7 14.9 8800 —— - 8 105 - 7.0 o
PADDEN LAKE WA 484215 136 6.0 64.7 3.7 18.0 B.2 4300 -— 10 8 [ B— 6.1 0.73
PALMER LAKE WA 485433 349 766.6  849.9 25.7 24.1 15.6 110000 —— - 20 250  -——- 2.3 2
PIERRE LAKE WA 485351 611 63.4 44.5 4.7 22.9 8.5 3000 -— & 94 343 9.2 4.2 ———-
PIPE-LUCERNE HA 472158 167 1.3 22.3 2.7 19.8 8.2 1500 -— 5 20 2 J— 3.2 —
RIMROCK LAKE WA 463800 €90 ----  1025.0 ~--  53.6 23.8 198000  0.530 - a 68 1.5 1.5 17.40
ROESIGER SO.ARM HA 475819 174 9.2 56.7 4.8 21.3 6.7 3000 N 24 _— 2.9 4.3 0.40
ROESIGER-NO.ARM HA 475317 174 5.0 8B0.9 4.6 33.5 14.6 9600 —— - 28 26 2.3 5.6 - 0.40
SAMMAHISH LAKE MR 473500 8 253.0 1982.0 39.8  31.0 17.7 283?22 0.600 10 21 —— 3.4 1.0 1.00
SAMYVER LAKE HA 472003 156 33.7 121.4 11.3 17.7 7.9 7700 —— - 17 139 ———- 4.3 -
SHANNON LRAKE WA 483253 133 769.2  930.8 35.4  79.2 28.3 210000 —— - 10 3 —mem ol —
STAR LAKE WA 472110 97 1.5 1.2 1.8 15.2 7.6 870 —— - —— D R 6.7 —_—-
STEILACOOM LAKE WA 471040 64 231.5 129.5 9.2 6.1 3.4 3500 — 2 30 108 - 2.1 —
STEVENS LRAKE WA 480053 64 17.7 42.1 11.1  46.0 20.5 68442 3.380 10 20 115 15.0 4.4 1.25
SULLIVAN LAKE WA 485022 789 132.6  566.6 14.3 100.7 58.0 270000 _— - 21 Fo T 5.6 -—
TOAD LAKE HA 484723 217 1.3 13.4 1.9 9.4 6.1 660 — - 13 L 2.7 ——-
TROUT LAKE WA 480702 673 122.5 3.9 2.9 54.9 13.1 4200 —— - — — e 31 —
HASHINGTON LAKE WA 474000 4  1564.0 8959.0 115.0 65.0 33.0 2350843 —— e —- — e DD —-
HEMATCHEE LAKE  HA 474831 570 707.1 10911.7 20.9 ?73.2 45.8 360000 _— - s 1 J—— 6.1 —
WILDERMESS LAKE MA  ———-- 143 1.7 27.9 2.9 11.6 6.4 1420 -— 3 - 70 2.7 3. 0.40
VALE LAKE MR 455753 149  1543.6 1537.5 41.8  76.2 33.5 402000 0.140 4 — —— ceem 6.0 7.00

WA A
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Appendi x D. Sunmary report of kokanee popul ati on characteri stics.
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Page Mo. 1
02/14,91

BODY OF
HATER

%% BC
KOQTENAY
OKANRGAN
UPPER ARROH

*% CO

DILLON RES.
GRANBY

GREEN HOUNTAIN
SHRDOH MOUNTAIN

%% 1IN0

ALTURAS
ANDERSON RANCH
COEUR D*ALENE
DEADHOOD
DHORSHAK
ISLAND PARK
LUCKY PERK
HACKAY
PALISADES
PAYETTE

PEND OREILLE
PRIEST LAKE
REDFISH LARKE
SPIRIT LAKE
STANLEY
UPPER PRIEST

%% HT

FLATHEAD LAKE
LIBBY/KOOCANUSA
HARY RONAN

%% OR
0DELL
HALLOHR LAKE

%€ UT
FLANING GORGE
PORCUPINE

%% HWR
ALDER LAKE
ARERICAN LAKE

KOKANEE
SOURCE

NATIVE

KOOTENRARY

INTROD/UNKNOWN
PEND OREILLE

WHATCON/A.RANCH

NATIVE/PEND’OR

INTRO . /UNKNOHN
INTRODUCED
FLATHERAD

KOOTENAY/FLATHD

NATIVE/STOCKED

INTRO.

HHATCOH

DENSITY DENSITY

LOW HIGH
CNO/HA>  CNO/HR)
110 160
218 848
473 1355
109 109
585 104
189 452
4 S0
496 1465
28 3
16 25
36 124

REGIOHAL DATA BASE
KOKANEE POPULATION

DENSITY
HERN
CNO/HR)

HEAN LK
AGE O+
CHHD

HEAN LN
AGE I+
CHHD

125

HERN LN
AGE II+
CHHD

174

HEAN LN
AGE III+
CHHD

HEAN LM
SPAUNER
CHHD

z2?

RAGE AT
HATURITY

ESCAPEHENT TIHE OF

TGO SPAHN
CHEAND

600000

750000

7000

SPRHNIH

SEPT

SEPT

SEPT

-NOV/DEC

AUG/SEP]

RUG/SEPT
NOV/DEC
OCT/DEC
NHOVDEC
0CT~DEC
OCT/DEC

SEPT/0OCT
OCT/NCOV

OCT/NOY

SEPT



Z8

Page No. 2
02/14/91

800Y OF
HATER

ANGLE LAKE
BA¥ER LAKE
BANKS LAKE
BILLY CLAPP L.
BONAPARTE LAKE
BUNPING LAKE
CASCRADE LAKE
CRAVANRH

CHAIN LAKE
CHAPHAN LAKE
CHELAN LAKE
CLE ELUN LAKE
CLEAR LAKE
COOPER LAKE
DAVIS LAKE
DEEP LAKE-GRANT
DEEP LAKE~KING
DEER LAKE
EASTON LAKE
KACHEES LAKE
KEECHELUS LAKE
LOON LAKE

LOST LAKE
HERIDIAN LAKE
HERWIN {AKE
HOUNTAIN LRAKE
PADDEN LAKE
PALHER LAKE
PIERRE LAKE
PIPE~LUCERNE
RIHROCK LAKE
ROESIGER SO.ARH
ROESIGER~NO.ARH
SAHHAHISH LAKE
SAHYER LAKE
SHANNOM LAKE
STRR LAKE
STEILACOOH LAKE
STEVENS LAKE
SULLIVAN LAKE
TOAD LAKE
TROUT LRAKE
HASHINGTON LAKE
WENATCHEE LAKE
HILDERNESS LAKE
YALE LAKE

KOKRNEE
SOURCE

INTRO. /UNKMOWN
HATIVE
HATIVE/HHATCOH
NATIVE /HHATCOH
HHATCOH
MATIVE/HHATCOH
HHATCOH

INTRO. /UNKNOHHN
HHATCON
HHATCOH
HHATCOH/KOOTENRA
HATIVE/HHATCON

NATIVE 7HHATCOH
HHATCOH
HHATCON
INTRO./UNKNOHN
HHATCOH

HATIVE /UHATCOH
NATIVE/HHATCON
HHATCOH
HHATCOH
INTRO . /UNKHOHN
INTRO. AUNKNOKN
HHATCOH
HHATCOH
HHATCOH
HHRTCOM
HHATCOH
HHATCOH
INMTRO .. 7UNENOHN
INTRO./UNKHOHN

HHATCOH

INTRO./UNKNOHN
INTRO. 7UNKNOKN
HHATCOH
HHATCOH
INTRO/URKNOHN
HHATCON

NATIVE/HHATCOH

CULTAS LAKE 7

DENSITY DENSITY

LOH HIGH
CMO/HAD
281 310

CHO7HRAD

REGIONAL DORTA BASE
KOKANEE POPULATION

DENSITY
HEAN
CNO/HR)

HEAN LN
AGE 04
CHHD

HEAMN LN
AGE I+
CHHD

HEAN LN
AGE II+
CHHD

HERN LN
AGE III+
CHH>

HERAN LN
SPRHNER
CHHD

AGE AT

HATURITY TO SPAHN
CHEAND

-

ESCAPEHENT TIHE OF

SPAHNING

acT/NoY

aCT/NOY

SEPT/0CT

SEPT/0CT

SEPT

NOV~JAN

SEPT/O0CT



Appendi x E. Summary report of kokanee fisheries.
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¥8

Page Mo. 1
05/06/91

RODY OF
HATER

%% BC
KOOTENRY
OKANAGAN
UPPER ARROH

% CO

DILLONM RES.
GRANBY

GREEN HOUNTAIM
SHADOH HOUNTAIN

%% ID
ALTURAS
ANDERSON RANCH
COEUR D’RALENE
DEADHOOD
DHORSHAK
ISLAND PARK
LUCKY PERK
HACKAY
PALISADES
PRYETTE
PEND OREILLE
PRIEST LAKE
REDFISH LAKE
SPIRIT LAKE
STANLEY
UPPER PRIEST

%% HT

FLATHERD LAKE
LIBBY -KOOCANUSA
HARY RONAN

%% 0OR
ODELL
HALLOHA LAKE

xx UT
FLANING GORGE
PORCUPINE

*x HA

ALDER LAKE
ANERICAN LAKE
ANGLE LAKE

TOTAL
EFFORT
CHRS)

130000
200000
9200

210000
135631
125000

11342
86553
250036
108696
97631

18855
355514
68186
70573
11326

600000
394354
35963

157000
23033

328000

140500

KOKANEE
EFFORT
(&)

KOKRANEE
HARVEST

LOKD

25000

5000

238303

32000

11600

?37

14970

REGIONAL DATA BASE

FISHERY

KOKANEE
HARVEST

CHIGHD CHEAND

100000 50000
- 156000
21000 13600

——— 67S7S
—— 58000

- 14200

——— 107
——- 33600
578034 521517
207000 206976
—— 158

—— 1276
—— 838460
——— 84131
—— 1400
——— 53480
—— 150

——- 495910
———- 414480
———— 129625

89300 64000
——— 25982

38816 30294
——— 1580

642993 32914

KOKANEE
HARVEST

HERN SIZE
KOKANEE
CGRANSD

90
174
129

179
285

P

(L S

71
247
215

143

270
354
16S

230
106

623
299

KOKRANEE
YIELD
CKG/HAD

0.122
2.632
1.246
0.259
12.741
0.112

2.627
8.650
35.442

10.500
4.520

1.110
6.000

PREDATOR
HARVEST
CHERN>

1126
522

13900
350

12399

10536

16394

HERAN SIZE
PREDATOR
(GRANS)

830
3206

8200

2388

PREDATOR
YIELD
CKG/HAD

0.320
G.200

0.230

1.410



G8

Page No. 2

05-06/91
REGIONAL DATA BASE

FISHERY

BODY OF TOTAL KOKANEE KOKANEE KOKANEE KOKANEE HEAN SIZE KOKANEE PREDATOR HEAN SIZE PREDRATCR
HATER EFFORT EFFORT HARVEST HARVEST HARVEST KOKANEE YIELD HARVEST PREDATOR YIELD
CHRS) (€3] CLOWD CHIGH> CHERND C(GRAHSD CKG/HAD CHEAND (GRAHSY CKG/HA>

BAKER LAKE ——— - ——— ———— —— ——— ——— e e ——— ——
BANKS LAKE 186363 86 17630 75035 60740 453 2.500 4827 ———— ——
BILLY CLAPP L. 11509 30 ——— ———— 6126 260 2.222 160 ———— —
BONAPARTE LAKE ——— - — - ——— - ———— m—— - ——
BUHPING LAKE ———— 80 ——— —=- ——— —— ——— — ——— ———
CASCADE LAKE ———— - —— —— —— — —_— ——— ——— ———
CAVANAH —-—— - ——— e —— — — — —— ——
CHAIN LAKE ———- -- — -— — _— —— S — ———
CHAPHAN LAKE ——— -- - - ——— ——— - ———= ———— ———
CHELAN LRAKE ——— - i - 6000 199 0.090 65 ——— ——
CLE ELUH LAKE ——— - —— —_—— —_— —— — —— — ——
CLEAR LAKE ———— -- ——— ——— — —— — —— — ———
COOPER LAKE ——-- -- ——— == ———= —= ———- == ——— e
DAYIS LAKE ——— - ——— ——— _— _— —— —— — —
DEEP LAKE-GRANT ———— - - -——= ——-- - —— —— ———- ———
DEEP LAKE~KING == -- -——= -——= - - = ———- - ———
DEER LAKE - - ——— —— 584 580 0.893 1428 — ——
EASTON LAKE ——— - it I i - . T T T
KACHEES LAKE ———— - —— _—— — _— —— —— —— ——
KEECHELUS LAKE ———— - ——— —— —— —— — S —— —
LOOM LAKE e - ——— ——— 584 556 0.711 118 e —
LOST LAKE ———- - i T e . T - T "
HERIDIAN LRKE ———— - —_—— —— —— _— —— ——— —— ——
HERHIN LAKE 29222 51 ——— -~ 4693 237 0.687 ——— — —
HOUNTRAIN LAKE ——— - it e T . T T T =T
PADDEN |AKE ———— - —— ———- ——— —-—— ——— ———— —— —
PALHER LAKE —— - ———— —— ——— —~— —— —— —— ——
PIERRE LAKE ——— - ———— —— —— — —— —— — ——
PIPE-LUCERNE ——— - -—— ——— — — ~—— ——— ——— ——
RINROCK LAKE ——— 95 ———— —— —— _— ——— S —— ——
ROESIGER S0.ARH ——— - —— ———— —— — —— —— —— —
ROESIGER-NO . ARN ——— - - ——— —— _— —— — — ——
SAHHANISH LAKE 33400 - ———- -—-- 359 142 0.080 —— —— ——
SAHYER LAKE —-—— - ——— ———— —— — —— —— —— ——
SHRANNON LAKE ———— - ———— —— —— —— —— — ——— ———
STAR' LAKE ——— -- ———- e —— —— — —— —— ———
STEILACOON LAKE ——— -- — ———— —_— _— _— ——— — ——
STEVENS LAKE - - —— ———— ——— e ——— ———— ———— ———
SULLIVAN LAKE —— - —— s ———— — ——— i ——— ——
TORD LAKE ——— - ——— ——— ——— - ——— —— ——— ——
TROUT LAKE —— - ——— - ——— ——— ——— — ———— —
HASHINGTON LAKE —— - ——— — ——— —— ———— —— — —
HENRTCHEE LRAKE ———— - ——— ———— —— —— ——— ——— — S
HWILDERNESS LAKE - - == -—-= ——— —— - —— —— ——
YALE LAKE 23819 ve 3398 19346 10919 250 1.779 33 ——— ———
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Body of
water

tt BC

KOOTENAY
OKANAGAN

UPPER ARROW

tt Co
DILLON RES.

GRANBY
GREEN MOUNTAIN
SHADOW MOUNTAIN

tt ID
ALTURAS

ANDERSON RANCH
COEUR D'ALENE
DEADWOOD
DWORSHAK
ISLAND PARK
LUCKY PEAK
MACKAY
PALISADES
PAYETTE

PEND OREILLE
PRIEST LAKE
REDFISH LAKE
SPIRIT LAKE

STANLEY
UPPER PRIEST

It ™MT
FLATHEAD LAKE

LIBBY/KOOCANUSA
MARY RONAN

tt OR
ODELL
NALLOWA LAKE

St uT
FLAMING GORGE

PORCUPINE

tt WA
ALDER LAKE

AMERICAN LAKE
ANGLE LAKE

BAKER LAKE

sources
of Information

51
10,51

51

64
64
64
64

49
29,49

13,29,39,40,41,49,60,61

29,49
1,29,31,46,47,48
29,49

29,49

29,49

29,49

29,49,63

2,3,5,6,7,22,29,32,39,40,41,49,56,57,58
1,4,5,13,14,15,29,39,40,41,48,49

49

13,14,49,58
49
13,14,15,45,52

26,27,28
12,65,71
18,19

11,42,43,44
36

34

16
65

16
35

REGIONAL DATA BASE
Sources of Information by water

87

Body of
water

BANKS LAKE
BILLY CLAPP L.

BONAPARTE LAKE
BUMPING LAKE
CASCADE LAKE
CAVANAH

CHAIN LAKE
CHAPMAN LAKE
CHELAN LAKE

CLE ELUM LAKE
CLEAR LAKE
COOPER LAKE
DAVIS LAKE

DEEP LAKE-GRANT
DEEP LAKE-KING
DEER LAKE
EASTON LAKE
KACHEES LAKE
KEECHELUS LAKE
LOON LAKE

LOST LAKE
MERIDIAN LAKE

MERWIN LAKE
MOUNTAIN LAKE
PADDEN LAKE
PALMER LAKE
PIERRE LAKE
PIPE-LUCERNE
RIMROCK LAKE
ROESIGER SO.ARM
ROESIGER-NO.ARM
SAMMAMISH LAKE
SAWYER LAKE
SHANNON LAKE
STAR LAKE
STEILACOOM LAKE
STEVENS LAKE
SULLIVAN LAKE
TOAD LAKE
TROUT LAKE
WASHINGTON LAKE
WENATCHEE LAKE
WILDERNESS LAKE
YALE LAKE

Sources of
Information

67,68,69,70
70

72
50
35
37
30
54
9,53
50
16

9
30

33
16
62
9
49
9,50
62
9
16
20,24,45
35
35
72
30
16
17
37
37
55
16
35
16
16
55
30
35
30
55
9
16
24,45
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REF
HO. SOURCE-e-- = - -----------------o + T T PUBLICATION - === === o m oo oo o oo o oo o o AGENCY -----—--——————-
e_-- YEAR
1 Bail, K., and s. Pettit 1971 Evaluation of the limnological characteristics and Idaho Department of Fish and
fisheries of Dworshak Reservoir. Job Performance Game, Boise
Report, Project 0SS-29-9, Job IV
2 Bowler, B. 1975 Lake Pend oreille kokanee Tife history studies, Idaho Department of Fish and
Job performance Report, Project F-53-R-11, Job Game, Boise
IV-E
3 Bowler, B. 1976 Lake Pend oreille kokanee Tife history studios, Idaho Department °f Fish and
Job performance Report, Project No. F-53-R-11, Job Game, Boise
IY-E
4 Bowler, B. 1979 Kokanee Tife history studios in Priest Lake. Lake Idaho Department of Fish and
and Reservoir Investigations, Job Performance Game, Boise
Report, Project Ho. F-73-R-2, Study Vv, Job III
5 Bowler, B. 1980 Kokanee life history studies in Pond Oreille Lake. Idaho Department of Fish and
Lake and Reservoir Investigations, Job Game, Boise
performance Report, Project No. F-73-R-2
6 Bowles, E.C., V.L. El1is, D. Hatch, 1987 Kokanee stock status and contribution of Cabinet  Idaho Department of Fish and
and D. Irving Gorge Hatchery, Lake Pend Oreille, Idaho. Annual Game, Boise
Report to BPA, project 85-339
7 Bowles, E.C., V.L. Ellis, and D. 1988 Kokanee stock status and contribution of Cabinet  Idaho Department of Fish and
Hatch Gorge Hatchery, Lake Pend oOreille, Idaho. Annual Game, Boise
Progress Report FY 1987
8 Brayton, S. and R. Schneidervin 1983  (1983-1989) Flaming Gorge Reservoir Fisheries Utah Division of wildlife
Investigations. Annual Performance Report Resources, Salt Lake City
9 Brown, Larry (509) 663-9711
10 Bull, C.3J. 1987 okanagan lake plan Okanagan sub-region technical
report
11 Campbell, H.J. 1965 A preliminary investigation of the kokanee in Oregon Game Commisssion
odell Lake, Oregon. Federal Aid Project No.
F- 7 1-R.-1
12 chisholm, I., M.E. Hensler, B. 1989 qQuantification of Libby reservoir levels needed to Montana Department of Fish,
Hansen, and D. Skaar maintain or enhance reservoir fisheries, methods wildlife and parks, Kalispell,

and data summary 1983-1987 Montana
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Page No. 2

02/13/91

REF

NO.

13 Cochnauer, T.

11

15

1A

17

1R

19

20

21

22

23

21

Cochnauer. T.

Cochnauer. T.

cronn._Tom

Cummins, J.

Domrose, R.

Domrose. R.

Eddy, B., and P. Meyers.

E1lis, Vv.L., B. Rieman,

Cochnauer

E1Tlis, Vv.L., and B.

E1lis, Vv.L>, and B.

Graves, S.K.

Bowler

Bowler

and T.

1981

1982

1981

1987

1985

1982

1980

1979

1981

Regional Data Base
Sources of Information

Kokanee Stock Status in Pend Oreille, Priest, and Idaho Department of Fish and
Coeur d'Alene Lakes. Job Performance Report, Game, Boise
Project F-73-R-5

Enhancement of kokanee in Priest and Pend Or-eille Idaho Department of Fish and
Lakes, Job performance Report, Project No. Game, Boise
F-7:3-R-6, Study 4'I, Job IU

Kokanee stock monitoring in Coeur d'Alene and Idaho Department of Fish and
Priest Lakes, Lake and Reservoir Investigations, Game, Boise
Job performance Report, Project Mo. F-73-R-9
washington Department of Fish
and wildlife (206) 898-0590

Rimrock resident fishery (509) 753-5713

Lake Mary Ronan Monitoring Report 1965-1986. Montana Department of Fish,
wildlife and Parks, Kalispell,
Montana

summary of Lake Mary Ronan summer creel census, Montana Department of Fish,

1986 wildlife and Parks, Kalispell,

Lake Mary Ronan winter creel 1969, 1985, 1987, Montana

1988, 1989, 1990

Evaluation of the contribution of coho to the 1981 Pacific Power and Light

Merwin Reservoir sport fishery. Company, Portland, Oregon.
(503) 969-9221

Kokanee lake systems inventory - Spirit Lake. Idaho Department of Fish and
Lake and Reservoir Investigations, Job Performance Game, Boise

Report, Project No. F-73-R-9

Pond Oreille Lake creel census. Lake and Idaho Department of Fish and

Reservoir Investigations, Job Performance Report, Game, Boise
Project No. F-73--R-2, Job I

Pend Oreille Lake creel census. Lake and Idaho Department of Fish and

Reservoir Investigations, Job Performance Report, Game, Boise
Project No. F-72-R-1

Merwin, Yale, and Swift Reservoir study 1970-1979.
Progress Report, Reservoir Fisheries



06

Page No.

02/13/91 .
Regional Data Base
Sources if Information

REF

HD. SOURCE -- PUBLICATION —————mmm oo oo oo AGENCY -¢ ——————————————

25 Hanson, Barry summary of BRA publications. Quantification of Montana Department of Fish,
Libby Reservoir Tevels needed to maintain or wildlife and parks, Libby,
enhance reservoir fisheries, 1983, 1981,. 1985 , Montana
1989

26 Hanzel, D.R. 1981 Lake fisheries inventory - annual trends in Montana Department of Fish,
recruitment and migration of kokanee populations Wwildlife, and Parks, Kalispell
and major factors affecting trends. Job Completion
Report

27 Hanzel. D.H. 1987 Measure annual trends in the recruitment and Montana Department of Fish,
migration of kokanee populations and identify- wildlife, and Parks, Kalispell
major factors affecting trends. Job Completion
Report

28 Hanzel, 0.R., J. Fraley, and w. 1988 Survey and Inventory of coldwater and warmwater Montana Department of Fish

Beattie ecosystems. Statewide Fisheries Investigations, wildlife, and Parks, Kalispell

Job Progress Report F-33-R-21

29 Harnberg, W.R., M.L. Jones, I. 1988 Water Resource Data, Idaho, water Year 1988 U.S.G.S. Water-Data Report

0'dell, and s.C. Cordes. ID-88-1.

30 Hista, John (509) 156-1085

31  Horton, W.D. 1981 Dworshak Reservoir fisheries investigations. Idaho Department of Fish and
Report to U.S.RrMy Corps of Engineers, Contract Game, Boise
No. DRC:W68-79-C-0039

32 Irizarry, R.R., and V.L. Ellis 1975 Lake Pend Oreille creel census. lake and Reservoir Idaho Department of Fish and
Investigations, Job Performance Report, Project Game, Boise
No. F--53-rR--10, Job IU-a

33 Jackson, Steve (206) 586-7075

34 Janssen, J.F. 1983 Investigation of selected aspects of kokanee Utah State University, Logan

(oncorhynchys nerka) ecology in Porcupine
Reservoir, Utah, with management implications.
Masters Thesis

35 Johnston, Jim washington Department of
wildlife (206) 671-2036
36 Knox, Bill Ooregon Department of Fish and
wildlife, Enterprise, Oregon
(503) 126-3279
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REF

NO.  SOHIRCE == —momm = = mmomm e

ar Eraemer, Curt

3R LaBolle, L.

39 LaBolle, L.DOL

40 LaBolle, L.O., and H. J. Harrner

41 LaBolle, L.D., and H.J. Horner

42 Lewis, S.L.

3 Lewis, S.L.

44 Lindsay, R.B., and 5.L. Lewis

45 Lucas, Bob

1 Haiole, H.A.

47 Hauser G., 0. Cannanelas, and R.
Downing

48 Hauser, G.R., and U, Ellis

49 Milligqan,J.H., R.A. Luman, C.H.

Falter, E.E. Krumpe, and J3.£.
Carlson

1986

1988

1987

1974

1978

1929

1985

Regional Data Base
Sources of Information

PUBLLCAT T (Mmoo e e

Enhancenent of kokanse of Priest and Pend Oreille
lakes, Lake and Keservoir Investigations, Job
Performance Report, Project No. F-?3-R-12

Reginon 1 louwland lakes investigations. Reqional
Fishery Hanagement Investigations, Job Pertormance
Report, Project Ne. F~7V1-R-1Z, Job I-b

Region 1 louland lakes investigations, Reqgional
Fishery Hanagement Investigations, Job Performance
Report, Project No. F~T1-R-11, Job I-b

Region 1 lowland lakes investigation=. Regional
Fisheriy Hanagenent Inwestigations, Job Perfarmance
Report, Project Mo. F-71-R~12, Job I-b

Popul ation dynanics of kokanee salmon in Odell
Lake. Progress Report, Federal HAid Project No.
F-71-R-6 No. b and 10.

Life history and ecology of kokanee in Odell Lake.
Pragress Report, Federal Aid Project Na. F-71-R-&,
Jobs no. b oand 10

Lake and reservoir investigations fkokanes
ecology). Federal Aid Project Ho. F-T1-R, Jobs
No. 10 and 11

Duorshak Dam impacts assessment and fishery
irvestigation, BPA Project Ho. 87-99, Contract Na.
DE-RITY-B7PBP3S 16T

Ouorzhak Dan inpact assessment and fishery
investigation=. BPA Contract Ho. DE-RIT?I-BTBP3ISIET

Enhancenent. of trout in large north Idahn lakes.
lLake and Reservoir investigations, Project Ho.

F-73-R-£, Joh 11

Clazsification of Idaho’s freshuator lakes.

RGENGC Y= e o o

RO63775-1311
Idaho [epartrnent of Fish and

Gane,Boi se

Idaho Departnent of Fish and
Game, Hoise

Idaho [epartment of Fish and
Game, Hoise

Idaho [epartment of Fish and
Gane, EBoise

Oregon State Gawe Commission,
Portland

Oregon State Game Commission,
Portland

Oregon Wildlife Comnmission,
Portl and

206> 423-9341

U.S. Department of Energy,
Portland, Oregan

Idatio lepartnent of Fish and
Gane, Boise

Idaho Qlepartrent of Fish and

Gane, Boise

Idaho Hater and Energy
Resonurces Research Institute,
Univer=zity of Idaho



26

Page Ho. 5

nzs13.91
REF
MO, SOURCE- - e e~ WEAR
50 Hongillo, P. and L. Faulconse 1982
S1 Parkinson, E.
a2 Parkin=on, E.A. 1989
53 Patmot, C.R., G..J. Pelletier, E.B. 1989
Helch, N. Banton, and C.C.
Ebbesneyer
54 Pork, Bob
5% Pfeifmr, Bob
1 Riemnan, B., and L. .H. Falter 1975
57 Rieman, B.E. 1977
58 Riemar, B.E. 1979
59 Rieran, B.E. 1981
31} RPieman, B.E., B. Bouler, (.. 1980
{.aBolle, and P.R. Has=zemer
61 Rieman, B.E., and H..). Horner 1984
(354 Scholz, A.., K. 0'Laughlin, T. 1982
Peone, J. Uehara, T. Kleist, and J.

Hisata

Regional Data Base
Sources of Information

PLIBL L CAT T O~ == = = st oo s e e

Yakima fisheries enhancement study, Phase IT,
Final Repori. U.S. Bureau of Reclanmation Corntract
Ho. 0-07-10-50218

Longterns data collection on kokanee from large
lakes: does it make sense? Fisherie= Technical
Circular Mo. 83

Lake Chelan Water OQuality Assessment, Contract No.
coog?ore

lLake Pend Oreille limnoclogical studies, Lake and
Fezervoir Investigations, .Job Performance Report,
Project Ho. F-53-R-10, Job Ii-d

Lake Pend Oreille limnological studies. Lake and
Reservair Investigations, .Job Performance Report,
Project Mo. F-?3-R-1, Job II

Priest Lake limnology. Lake and Reservoir
Irvestigations, Job Ferformamce Report, Project
Ho. F-73-R-1, Job II

Kokanes-zoopl ankton interactions and description
of carrying capacity. Lake and Reservoir
Investigatians, Job Performance Report, Project
F-73-R-3

Coeur d* Alene Lake Fisheries Investigations, Lake

and Reserwoir Investigationsz, Project F-v3-R-2

Region 1 lowland lake investigations, Reqgional

Fizhety Hanagement Investigationsz, Job Performance

Baport, Project Ho. F-71-R-8, Job I-b and =

Ervironmental factorsz affecting kokanee salwmon,
orncorhynchus nerka (Halbaum) in Deer and Laoon
Lakes, Stewens County, Hashington

Hashington Department of Game,
Applied Hildlife Ecolcagy.
(206> 753-5713

British Columbia Hinistry of
Environment, Hancouver, B.C.

State of Hazhington,
Departrent of Ecology
(509 456-4085

Hashington Department of Game.
(2061 TH3I-5713

Idaho [epartment of Fish and
Gamne, Boise. (208D 939-6709

Idaho Department of Fish and
Game, Boise. (208) 939-6709

Idaho [epartment of Fish and
Gane, Boise. (208> 939-6709

Idaho Department of Fish and
Game, Boise. (2083 939-6709

Idaho Department of Fish and
Gamne, Hoise. (2083 939-6709

Idaho Department of Fish and
Gane, Hoil=se. (2083 33U9-6709
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GOURCE == = = mim e e e e PERAR

Scully, R. and . Anderson

Sealing, C., and G. Bennett

Skaar, Don

Stephenson, J. D., and D.P. Zajac

Stober, €O.J., R.H. Tyler, C.E.
Petrosky, K.R. Johnson, C.F.
Comman, Jdr., J. Hilcock, & R.E.
Nakatani

Stober, 1.J3., R.H. Tyler, C.F.
Cournan, Jr., J. Hilcock, and 5.
Ruinnell

Staber, U.J., R.H. Tyler, G.L.
Thomas, L. .Jensen, J.A. Knutzen,
D.L.Smith, & R.E. Makatani

Thomas, Gary

Hestover, H.T.

Hilliams, Ken

1989

19an0

1974

1979

Regional Data Base
Sources of Information

PLIBLT CATT QM= oot = e o e e i

HoCall =ubregion lowland lakes and reservoir

investiqgations, Job Performance Report, Project

F-?1-R-12

Hiddle Park Feservair studies.
Federal Aid Project F-40-0

Final Report.

Arerican Lake Fisheries Investigations

Developrent and cvaluation of a net barrier to
reduce entrainment laszs of kokanee from Banks
Lake, Final Report, Contract Ho. 7-07-10-S0023

Irrigation draudouns and kakanes =salmon egg to fry
Contract Ho.

survival in Banks= Lake.
7-07-10-50023.

Qperational effects of irrigation and
punpedsstorage on the ecolaogy of Ranks Lake,
Hashington. Third Annual Progress Report

Idaho Departrent of Fish and
Game, Eoise

Coloradn Division of Hildlife,
Grand Junction

Hontana Departwent of Fish,
Hildlife and Parks, Kalispell
406y 293-4161

DFRE, Forestry Section, Fort
Lewis, Hashington

U.S. Bureau of Reclanmation,
Pacific Morthwest Regional
Dffice, Boise, Idaho

U.S. Bureau of Reclamation,
Pacific Morthuest Regional
Office, Boise, Idaho

.S, Bureau of Reclamation,
Pacific Morthuest Reqional
0ffice, Boise, Idaho

2062 54353-b47S

Hinistry of Erwironment,
Cranbrook . BC

509> £89-2607
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